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ABSTRACT

The Human Dimensions of Climate Change: Smallholder Perception and
Adaptation in the Loess Plateau Region of China

by

Morey Burnham, Doctor of Philosophy
Utah State University, 2014

Major Professor: Dr. Zhao Ma
Department: Environment and Society

Climate change poses problems for agriculture in the Global South. Smallholders
in the Global South are often considered highly vulnerable to climate change as a result
of their farms being located in marginal environments, their insecure land tenure and lack
of technology, and their participation in unpredictable regional and world markets.
Analyzing how smallholders perceive climate change and attendant risk, the factors that
enable and constrain their adaptive capacity, and the social impacts of state led projects
designed to mitigate the impacts of climate change may provide crucial insights for
developing effective climate adaption projects and policies. This research examined
smallholder perceptions of climate change and their ability to adapt to it in the Loess
Plateau region of China. The study also investigated the outcomes of the introduction of a
drip irrigation project designed to address water scarcity problems in Gansu, China, as
well as smallholder farmer perceptions and knowledge of water saving irrigation
technologies in general. Data were collected through interviews and a household survey
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of smallholders in the region. Smallholders were found to have low levels of perceived
ability to adapt to climate change without government assistance. Further, it was found
that smallholder perceptions of climate change are structured through their observations
of and interactions with dynamic, networked socio-natural assemblages. The labor
demands of drip irrigation technology are shown to contradict extant irrigation and
livelihood practices and the social institutions that underlie them, both creating new
vulnerabilities for farmers and causing system abandonment. The dissertation results
suggest that adaptation interventions designed to mitigate the impacts of climate change
on smallholders in the Loess Plateau region of China should be holistic and address the
day-to-day problems and risks that smallholders face if the interventions are to
successfully adapt smallholders to future climate change without causing unintended
consequences.
(170 pages)
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PUBLIC ABSTRACT

The Human Dimensions of Climate Change: Smallholder Perception and
Adaptation in the Loess Plateau Region of China
Morey Burnham

Because smallholder farmers in the developing world are among the groups most
vulnerable to the impacts of climate change, coming to a better understanding of how
they perceive climate change and attendant risk and what influences their ability to adapt
to climate change is crucial for understanding how to best assist farmers with maintaining
their agricultural livelihoods in the face of a changing climate. Supported by the Utah
Agricultural Experiment Station and the Utah State University School of Graduate
Studies, this research assessed smallholder farmer perceptions of how the climate is
changing and the risk it poses to their livelihoods, as well as what factors influence their
perceived ability to adapt to climate change. The study also examined the outcomes of
the introduction of drip irrigation in two villages in Gansu, China, to assess why farmers
abandoned using the system despite its ability to help them deal with a lack of irrigation
water. Data were collected through interviews and a household survey of smallholders in
the region. The case study demonstrates how the problems caused by climate change
intersect with multiple aspects of farmer livelihoods beyond its impacts on their crops,
including market access and labor availability. The results suggest that solutions designed
to mitigate climate change impacts must be holistic in nature and address the day-to-day
problems faced by smallholders if they are to avoid causing unintended consequences.
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CHAPTER 1
INTRODUCTION

Climate change has been acknowledged to be one of the greatest environmental
challenges facing humanity (UNDP 2004). The threat it poses to human well-being is
new in that the negative outcomes of climate change will interact with ongoing poverty
and environmental degradation in many places, exacerbating problems and creating new
types of risk (Schipper and Burton 2009). Climate change poses significant threats to
smallholder farmers in developing countries (Morton 2007). Smallholders, farmers reliant
primarily on household labor for production (Netting 1993), are highly susceptible to its
impacts as the result of their farms being located in marginal environments, insecure land
tenure, lack of technology, and being embedded in unpredictable regional and world
markets (Morton 2007). Increasingly, researchers have demonstrated that many of the
impacts of climate change as well as the determinants of people’s ability to adapt are the
outcomes of social processes (Jones and Boyd 2011). As such, scholars have increasingly
investigated smallholder perceptions of climate change and attendant risk to their
livelihoods, as well as the factors that enable or inhibit their capacity to adapt to the
predicted changes. Further, new lines of research inquiry have developed looking at the
outcomes of planned climate change adaptation projects and policies, recognizing that
these interventions may inadvertently expose their intended beneficiaries to new risks
beyond those posed by climate change (Marino and Ribot 2012).
The Loess Plateau Region of northwest China has been identified as being highly
vulnerable to climate change, with climate scenarios projecting increased average
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temperatures, changes in the timing and intensity of rainfall, and decreased water
availability (Nakicenovic et al. 2000; Wu et al. 2013). However, most research
determining climate change impacts on smallholders in China has relied on regional
climate data and economic predictors, conceptualizing risk as arising from biophysical
sources (e.g., Li et al. 2011) and ignoring the role smallholders and social processes play
in determining climate change outcomes. Thus, little is known about smallholders’
perceptions of climate change, the factors that determine their willingness and ability to
adapt, and the risks that many of the solutions proposed by the Chinese government, such
as disseminating water saving irrigation technology, pose to their livelihoods. Without
this understanding, adaptation policy may produce strategies ill-fitted to farmer
livelihoods and do little to mitigate climate change or other forms of risk. As such, this
dissertation investigates the human dimensions of climate change in the Loess Plateau
region of China to fulfill the following research objectives: 1) understand smallholder
perceptions of climate change and attendant risk, as well as the processes through which
smallholders come to perceive and know climate change; 2) understand the factors that
determine smallholder’s perceptions of their ability to adapt to climate change and their
stated intent to do so; and 3) understand how water saving irrigation technologies interact
with current agricultural production practices and livelihood strategies, as well as 4)what
factors affect the decisions of smallholders to adopt these technologies and use them
successfully. The individual chapters prepared to describe the results of this dissertation
research relative to each of these objectives are briefly described below.
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Dissertation Structure
The dissertation is prepared in a multi-paper format. Three main chapters have been
prepared for publication, each of which describes some aspect of the human dimensions
of climate change in smallholder farming systems in the Loess Plateau Region of China.
The data used in this research were collected over a nine month time period divided over
the summers of 2011 and 2012.
Chapter 2 investigates the role that identified objective determinants of adaptive
capacity, including human and financial capital, technology, institutions, and entitlements
play in shaping Chinese smallholder farmers’ perceptions of their ability to adapt to
climate change, as well as their stated intent to do so. A proportional odds ordered
logistic regression model is applied to identify the factors that influence smallholders’
perceived adaptive capacity and their intent to adapt to climate change. The model
contains variables identified to be important determinants of smallholder adaptive
capacity identified in the climate change literature, as well as the socio-cognitive model
of private proactive adaptation discussed by Grothmann and Patt (2005).
Chapter 3 focuses on the processes through which smallholders perceive climate
change. Triangulation for divergence (Nightingale 2009), assemblage theory, and the
dwelling perspective (Ingold 2000) are applied to analyze contradictions between
smallholder perceptions of climate change elucidated through a quantitative household
survey and qualitative interviews, and the climate record. The chapter traces how
smallholder perceptions of climate change are structured through their observations and
interactions with dynamic, networked socio-natural assemblages.
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Chapter 4 examines the human dimensions of water saving irrigation technology
(WSI) adoption by smallholders. Drawing on scholarship investigating the social impacts
of irrigation projects in the Global South and the diffusions of innovations literature, it
offers a preliminary analysis of the outcomes of implementing WSI in two Gansu
villages. More generally, the chapter presents a discussion of farmer perceptions of
irrigation technologies in the Loess Plateau region of northwest China.
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CHAPTER 2
COGNITION AND CLIMATE CHANGE ADAPTATION: THE ROLE OF
OBJECTIVE SELF-AWARENESS IN DETERMINING CHINESE SMALLHOLDERS’
PERCEIVED ADAPTIVE CAPACITY AND ADAPTATION INTENT1
Abstract
Understanding how individuals perceive the process of adapting to climate change is
critical to understanding adaptation decision making. Identifying the factors that cause an
individual to have a low estimation of their ability or inhibit their intent to adapt to
climate change may allow planned adaptations to address these perceived limitations and
encourage adaptive behavior. Drawing on a household survey completed in the Loess
Plateau region of China, we examine the factors that affect smallholder farmers’
perceptions of their ability to adapt to climate change and their stated intent to do so. A
proportional odds ordered logistic regression model is applied to identify the role that
identified objective determinants of adaptive capacity play in shaping smallholders’
perceived adaptive capacity and intentions to adapt to climate change. The results
highlight that adaptation programs and policies need to address both the objective and
subjective components of adaptive capacity if they are to facilitate adaptive actions.
1.

Introduction
Smallholder farmers in the Global South are amongst the most vulnerable groups to

climate change (Morton, 2007). “Double exposure” to global environmental change and
globalization (Leichenko and O’Brien, 2008), and low levels of adaptive capacity caused

1

This chapter was co-authored by Morey Burnham and Dr. Zhao Ma.

7
by on-the-ground social conditions, such as inequality, poverty, and poor planning
(Ribot, 2009) will likely exacerbate many of the difficulties smallholders already face. As
such, scholars have increasingly investigated the role that adaptation can play in
mitigating the impacts of climate change on smallholder lives and livelihoods. The
importance of adaptation for the international climate change agenda and recent scholarly
calls to shift vulnerability research towards the determinants of adaptive capacity have
highlighted that many of the barriers to successful adaptation are the outcomes of social
processes (Jones and Boyd, 2011). This has led to much recent research theorizing and
empirical examination of the social determinants of the capacity to adapt to climate
change at various levels, from individuals to households to countries.
Multiple competing definitions of the term adaptation exist. For the purposes of this
study, we define adaptation to climate change as actions in a given system (e.g.,
individual, community, or institution) that enable the system to adjust to, manage, or cope
with changing natural conditions, hazards, risks, and opportunities (Smit and Wandel,
2006). Adaptive capacity is the ability of an individual, community, or institution to
prepare for or adapt to stresses ex ante or react to stresses ex post (Smit and Pilifosova,
2001; Engle, 2011). It is the “ability to mobilize scarce resources to anticipate or respond
to perceived or current stresses” (Engle, 2011), and the ability to use those resources
effectively in order to adapt (Brooks and Adger, 2005). The concept of vulnerability is
linked to adaptive capacity (Adger and Vincent, 2005). The vulnerability of a system is
the product of both its exposure to biophysical stressors/perturbations and social
processes and their associated stressors/perturbations (Turner et al., 2003). It arises from
a combination of several components, including exposure to impacts, sensitivity, and the
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capacity to adapt. Thus, adaptive capacity has been identified as a component of
vulnerability (Adger and Vincent, 2005). Researchers have argued that coming to an
understanding of the constraints to an individual or community’s adaptive capacity can
help remove the barriers that prevent individuals from engaging in autonomous
adaptation, as well as facilitate the development of planned adaptation projects (Adger,
2003; Smit and Pilifosova, 2001).
Adaptive capacity has both objective and subjective components (Grothmann and
Patt, 2005) and is determined by an interplay of normative, institutional, and cognitive
variables (Jones and Boyd, 2011). The objective components are variables such as
financial capital and accesses to technology, which have been well-established and have
received much attention in the literature. The subjective components of how communities
and individuals perceive the process of adaptation have been shown to be important in
shaping adaptation decision-making (Wolf et al., 2013), and are receiving increasing
attention within the scholarly literature (Blennow and Persson, 2009; Frank et al., 2011;
Grothmann and Patt, 2005; Kuruppu and Liverman, 2011; Patt and Schröter, 2008). In
particular, the work of Grothmann and Patt (2005) highlighted that individuals with low
estimation of their adaptive capacity may be more vulnerable to climate change than
those with high estimation of their adaptive capacity because it decreases the likelihood
that they will engage in adaptive behavior, thereby increasing the likelihood that climate
change will negatively impact their livelihood.
In this study we continue the work of examining the cognitive aspects of climate
change adaptation. In particular, we investigate the role that objective determinants of
adaptive capacity play in shaping Chinese smallholder farmers’ perceptions of their
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ability to adapt to climate change, as well as their stated intent to do so. We begin by
briefly reviewing the literature on the objective determinants of adaptive capacity, paying
particular attention to the role they play in influencing the cognitive components of
adaptive capacity. We then provide a contextual overview of our study site, the Loess
Plateau region of China. This is followed by a description of the methods we used to
collect and analyze data, the results of our study, and a discussion of their significance.

2.

Theoretical Background
There is broad agreement within the literature on the factors that determine adaptive

capacity, though no definitive typology exists (Barnett et al., 2013). Smit and Pilifosova
(2001) argued that for communities, regions, or countries, the “determinants of adaptive
capacity relate to the economic, social, institutional, and technological conditions that
facilitate or constrain the development and deployment of adaptive measures.” Adger et
al. (2007) listed five general categories of barriers to adaptation: financial, technological,
cognitive, cultural, and institutional. Communication and information (Moser and
Ekstrom, 2010), values, beliefs, and norms (Jones and Boyd, 2011; Moser and Ekstrom,
2010), and physical and ecological factors (Jones and Boyd, 2011) have also been
identified as barriers to adaptation. Further, scholars have shown that adaptive capacity
arises out of a society’s ability to work together, measured as social capital. Accumulated
social capital can create both opportunities for and constraints to adaptive actions (Adger,
2003; Pelling and High, 2005). Adger (2003) argued that adaptive capacity is the product
of access to resources, how those resources are distributed within and between groups,
and the institutions that govern the resources. Identified social and cognitive barriers to
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adaptation include, the way people perceive risk and their self-efficacy, knowledge,
emotions, and cultural factors such as place attachment and identity (Adger et al., 2013;
Barnett et al., 2013). At the smallholder household level, recent representative research
has empirically demonstrated that the ability of smallholder households to take risks,
determined by factors such as access to crop insurance (Panda et al., 2013), the
availability of credit (Bryan et al., 2013; Hisali et al., 2011; Mertz et al., 2010; Tambo
and Abdoulaye, 2013), local government and market based institutions (Wang et al.,
2013), property ownership (Below et al., 2012), and access to technical information about
agricultural management and climate change through agricultural extension services
(Bryan et al., 2013; Deressa et al., 2010; Young et al., 2009) all enhance adaptive
capacity. Commonly reported constraints to adaptive actions include lack of land (Barbier
et al., 2009; Piya et al., 2012; Tucker et al., 2010) and lack of human capital (Young et
al., 2009).
Constructive criticism has been made with respect to the existing literature. In
particular, Grothmann and Patt (2005) argued that previous research has not fully taken
into account the cognitive factors that impede individual adaptive actions. Specifically,
while it is generally acknowledged that perceived adaptive capacity is an important
component of an individual’s decision to adapt to climate change, little research has been
done to examine the factors that play a role in shaping it (Grothmann and Patt, 2005;
Kuruppu and Liverman, 2011). To address this gap, Grothmann and Patt developed a
model of private proactive adaptation to climate change (MPPACC) (Figure 2-1), and
posited that subjective determinants of adaptive capacity related to an individual’s
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cognitive processes are at least as important as objective determinants of adaptive
capacity in determining a person’s ability to adapt.
The model identified two “bottlenecks” in an individual’s decision-making process
about undertaking adaptive actions. The first, “risk appraisal,” consists of two
components: 1) a person’s determination of the probability that they will be “exposed to
the threat” and 2) a person’s determination of how much harm the threat will do to the
things they value. The second bottleneck, termed “adaptation appraisal,” is an
individual’s assessment of the positive and negative consequences that would result from
taking an action, as well as their ability to perform the action.
Adaptation appraisal only occurs if the individual’s appraisal of the risk posed by
climate change exceeds a minimum threshold. The adaptation appraisal process has three
components: 1) a person determines if an adaptive action will succeed in protecting them
from the threat (i.e., “perceived adaptive efficacy”); 2) a person determines if they have
the ability to carry out the adaptive action (i.e., “perceived self-efficacy”); And 3) a
person determines the costs of taking the action (i.e., “perceived adaptation costs”).
According to Grothmann and Patt (2005), perceived self-efficacy, in part, determines a
person’s perceived adaptive capacity. Thus, a better understanding of the factors that
increase or inhibit perceived self-efficacy can help identify mechanisms to enhance how
smallholders perceive their own adaptive capacity, possibly enhancing the likelihood they
will adapt.
Using the MPPACC, Frank et al. (2011) investigated the role social identity plays in
shaping perceived self-efficacy among coffee farmers in Chiapas, Mexico. They found
that how an individual views herself in terms of social group membership influences her
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perceptions of the risk climate change poses and her adaptive capacity. Kuruppu and
Liverman (2011) examined the role of perceived self-efficacy in determining the
formation of intention to adapt to climate change induced water stress in Kiribati. They
found high levels of perceived self-efficacy were an important driver of the formation of
adaptation intentions, and that a person’s belief in their own self-efficacy may depend
more on past experience with water stress than a detailed understanding of climate
impacts. This implies that adaptive actions occur when people perceive climate change as
something they have some level of control over. Likewise, Grothmann and Patt (2005)
presented two case studies that used the MPPACC to understand adaptation decisionmaking, one looking at farmers in Zambia and the other investigating urban residents in
Germany. They found that Zambian farmers’ adaptive planting decisions were strongly

Fig. 2-1. Socio-cognitive model of proactive private adaptation to climate change
(Grothmann and Patt, 2005).
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associated with their intention to adapt, and a lack of intention to adapt was partly shaped
by their disbelief that adaptive actions can prevent them from harm. They also
demonstrated that the MPPACC better explained proactive flood adaptation practices
among urban German residents than did models that included only socio-economic
variables, including home ownership. Related to this line of research, a study of forest
landowners in Sweden by Blennow and Persson (2009) found a significant association
between landowners who had not adapted to climate change and those who lacked an
understanding of how to adapt or did not believe in the efficacy of particular adaptive
strategies. Jones and Boyd (2011) found that discrimination against Dalit and Humli
populations in Nepal and India restricted the availability and type of job opportunities
available to them, resulting in low perceived self-efficacy and limiting their ability to
cope with climate stress. Lo (2013) demonstrated that perceptions of social norms played
a mediating role between risk perception and the adaptive action of purchasing flood
insurance in Australia, and better explained flood insurance purchasing behavior than did
risk perception alone.
In this paper, we seek to better understand the specific factors that constitute an
individual’s perceived self-efficacy in the MPPACC, and how this relates to the
adaptation intention of smallholders in the Loess Plateau region of China. In the
MPPACC, the objective determinants of adaptive capacity shape an individual’s
perceived self-efficacy and their intention to adapt. Thus, it is important to identify which
of these objective determinants have the most influence on perceived self-efficacy and
adaptation intent as it allows for them to be systematically redressed, potentially
increasing the likelihood of adapting localized conditions to enhance smallholders’ ability
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to undertake adaptive action on their own or participate in planned adaptation projects.
To assess which of the objective determinants of adaptive capacity have the most
influence on perceived self-efficacy and adaptation intent, we constructed an empirical
model (described in detail in section 3.3) by drawing on a set of factors relating to both
the physical elements (e.g., technology, wealth) and social/institutional elements (e.g.,
human capital, institutions) noted to be crucial to determining a system’s adaptive
capacity by Eakin and Lemos (2006). Eakin and Lemos (2006) adapted their list of
determinants from earlier work on adaptive capacity by Smit and Pilifosova (2001) and
Yohe and Tol (2002). Their typology broadly captures the many objective determinants
of adaptive capacity established in the literature. This typology has seven categories of
objective determinants of adaptive capacity: 1) human capital; 2) information and
technology; 3) material resources and infrastructure; 4) organization and social capital; 5)
political capital; 6) wealth and financial capital; and 7) institutions and entitlements. In
our empirical models, we adapted this typology based on the data we were able to collect
from our study villages to measure the effect of five of these categories on smallholder
farmers’ perceived self-efficacy to adapt to climate change in the Loess Plateau region of
China (Table 2-1).
We next apply this typology to determine which factors influence the adaptation
intention of smallholders. Previous research on the relationship between attitudes and
behavior positions behavioral intention as playing an important role in predicting actual
behavior (Ajzen, 1991; Fishbein and Azjen, 1975; Triandis, 1977). As Grothmann and
Patt (2005) noted, intention does not always lead to realized behavior. Recent research on
attitude-behavior relations showed that intentions can only be expressed as behavior
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when a person is able to control the behavior (Webb and Sheeran, 2006). Thus, not all
stated adaptation intentions result in actual adaptive action, and one of the barriers that
prevents realization of a linear relationship between the two is a lack of objective
adaptive capacity, including factors such as access to resources, technical skill, and social
support (Grothmann and Patt, 2005; Liska, 1984). While a gap between intended and
actual behavior exists, intentions are considered a good predictor of future behavior in
unstable or changing conditions such as those brought about by climate change (Kuruppu
and Liverman, 2011; Webb and Sheeran, 2006). As Kuruppu and Liverman (2011) noted,
including adaptation intention in the MPPACC provides insight into people’s
commitment to adapt to climatic change. A stated intent demonstrates how much effort a
person is willing to exert in order to achieve their desired outcome (Ajzen, 1991; Webb
and Sheeran, 2005), thus indicating how motivated they are to adapt (Azjen, 1991). And
motivation has been shown to be a critical determinant of adaptive action (Frank et al.,
2011).

Table 2-1
Objective determinants of adaptive capacity, adapted from Eakin and Lemos (2006).
Categories of
Determinants
Human capital

Specific factors within each category

Knowledge (scientific, “local”, technical, political), education level,
health, individual risk perception, labor
Information, technology, Communication networks, technology transfer and data exchange,
material resources, and
innovation capacity, early warning systems, technological relevance,
infrastructure
transport, water infrastructure, buildings, sanitation, environmental
quality
Wealth and financial
Income and wealth distribution, marginalization, accessibility and
capital
availability of financial instruments (insurance, credit), fiscal
incentives for risk management
Institutions and
Informal and formal rules for resource conservation, risk
entitlements
management, regional planning, participation, information, property
rights and risk sharing mechanisms
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Thus, we believe that examining the role of objective determinants of adaptive capacity
in determining smallholders’ adaptation intent affords insight into the cognitive processes
that motivate or impede adaptive action and how those processes are shaped by the
external world. Planned adaptations will have to take into account the cognitive barriers
to adaptive action in order to succeed (Patt and Schröter, 2008). Our research provides a
platform for understanding how these cognitive barriers are formed and how adaptation
interventions can address their sources to facilitate adaptive action at the household level.
3.

Methods

3.1 Study area
The Loess Plateau region of China sits at about 37 degrees north latitude in the
middle and upper reaches of the Yellow River, and covers an area of approximately
250,000 square miles across parts of five provinces. It is situated just northwest of the
East Asian Monsoon zone (EAM). The climate is a typical continental monsoonal
climate, and the advance of the EAM each year causes the region to have distinctive wet
and dry seasons (Ding and Chan, 2005). The climate in the region ranges from arid/semiarid to sub-humid, and averages about 140mm of rainfall in the northwest most section to
800 mm in the southeast. Approximately 70% of annual precipitation falls between June
and September in the form of heavy storms, leaving many crops vulnerable to drought in
the early growing season (Li et al., 2012). Over the past four decades, the region has
become warmer and dryer (Li et al., 2012). Between 1970 and 2010, mean annual
temperature increased by 0.06℃ per year and annual precipitation decreased by 0.51 mm
per year (Zhang et al., 2012). In Shaanxi, annual precipitation decreased by a rate of
18.44 mm per decade, and the number of rainy days decreased by an average of 3.2 days
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every ten years (Cai et al., 2010). Drought frequency and intensity also increased across
much of the region (Zhang et al., 2013).
The Loess Plateau has been identified as the most agriculturally vulnerable region to
the climatic change that has already occurred in China (Wu et al., 2013), and is likely to
continue to face similar difficulties. Researchers have predicted increases in average
annual temperature, drought frequency, soil erosion, and higher levels of precipitation in
the winter when it is less useful for agriculture and lower levels of precipitation in
summer when it is crucial. Future climate scenarios project that by the 2080s, annual
mean temperature in the Loess Plateau region will increase by as much as 5 ℃. Average
annual precipitation is expected to increase by 54 mm to 150 mm (Liu et al., 2011), but
the evapotranspiration rate is also expected to increase by 12% over its 1961-2009
average (Li et al., 2012). Additionally, intense precipitation events are likely to increase
(Li et al., 2010), while decreased runoff from the Yellow River is expected to lead to
water shortages that will be made worse by a growing population (Wang and Zhang,
2011; Li et al., 2010; Piao et al., 2010). In certain areas, the duration of seasonal snow
cover will likely be shortened, with snow packs thawing in advance of the onset of
spring, and runoff possibly being reduced by 20-40% (Wang and Zhang, 2011).
3.2 Data collection
This study used a mixed-methods approach to determine the suite of objective
determinants of adaptive capacity that shape smallholders’ perceived self-efficacy and
their intent to adapt to climate change. We combined a household survey with qualitative
interviews to allow for a sufficient level of generalizability, while at the same time taking
into account how local social processes produce differential outcomes in specific
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Fig. 2-2. Map of study area.

places (Birkenholtz, 2012). Data for this study were collected in two steps. In 2011, 28
semi-structured and 38 unstructured interviews were completed in nine villages across six
townships in Shaanxi and Ningxia provinces (Figure 2-2). A snowball sampling method
was used to identify villages and interviewees for whom agriculture was an important
component of their livelihood strategies. The interviews were designed to elicit
information about general village and farming life; changes smallholders had made to
their farm management and livelihood practices over the last 30 years; their perceptions
of climate change and attendant risk; the major challenges and risks they face; and their
social and professional networks and socio-economic status. The interview protocol can
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be found in Appendix A. Qualitative research is useful for obtaining data about a little
understood topic (Didier and Brunson, 2004), such as smallholder perceived self-efficacy
and adaptation intent in China, which can then be used to develop an appropriate set of
questions for a larger survey sample (Tremblay, 1957).
In 2012, a household survey of 483 smallholders was completed. The survey
questionnaire was designed iteratively, drawing on theoretical insights established in a
literature review and findings from the interviews conducted in 2011. The household
survey was designed to collect information about household socio-economic
characteristics, perceptions of climate change, adaptations made in response to climate
change and other livelihood stressors, livelihood challenges and risks from climatic and
non-climatic sources, the perceived impacts of future climate change on farming and
livelihoods, and farm management decision-making. The survey protocol can be found in
Appendix B.
The survey was conducted in three counties in the Loess Plateau region: Mizhi and
Yangling, in Shaanxi, and Hongsipu (county-level municipality) in Ningxia. Stratified
random sampling was used to select eight villages to be surveyed in each county,
stratified by distance to the county population center to account for socio-economic
differences. Within each village, simple random sampling was used to select 20
households to survey. Graduate students from Northwest Agriculture and Forestry
University in Yangling, Shaanxi, were trained and employed as survey enumerators. The
survey was pretested in two villages and subsequent refinements were made. The survey
was conducted face-to-face.
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3.3 Empirical model
To assess the role of objective determinants of adaptive capacity in shaping
smallholders’ perceived self-efficacy and adaptation intent, we constructed two empirical
models, one for each of the dependent variables, perceived self-efficacy (EFFICACY)
and adaptation intent (INTENT) (Table 2-2). To measure EFFICACY we asked each
respondent: How would you describe your ability to make changes to your farming
practices or livelihoods to prevent damage caused by climate change without any
assistance from agricultural professionals or the government? The respondents were able
to choose among the following five possible responses: 1) not possible, 2) very difficult,
3) somewhat difficult, 4) somewhat easy, and 5) very easy. Because only five
respondents indicated that adapting to climate change would be very easy, those
responses were combined with answer choice four in our models. To measure INTENT
we asked each respondent: Based on your current understanding and situation, what is the
likelihood that you will make changes to your farming or livelihood to prevent damage
caused by climate change without any assistance from agricultural professionals or the
government? The response options to this question were 1) very unlikely, 2) somewhat
unlikely, 3) somewhat likely, and 4) very likely. The independent variables in our
empirical model were drawn from five categories of objective determinants of adaptive
capacity identified by Eakin and Lemos (2006) and discussed in section 2 (Table 2-1). A
detailed description of each independent variable is provided in Table 2-2. In the
INTENT model, we included EFFICACY as an independent variable to examine the role
of smallholders’ perception of their ability to adapt in determining their adaptation
intention.
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Because both EFFICACY and INTENT are ordinal variables, we adopted a
proportional odds ordered logistic regression model to estimate the empirical models. In
addition, a nested regression approach was used to assess each of the five categories of
objective determinants of adaptive capacity and to identify specific determinants within
each category that affect the model outcomes (i.e., each category of determinants
constitutes a separate block of the nested model, with information and technology and
material resources and infrastructure combined to form one category). Using a
proportional odds ordered logistic regression model, the probability of a smallholder
perceiving their ability or stating their intent to adapt at level j can be written as follows
(Long, 1997; Rifaat et al., 2012):

P( yi  j )  g (X  ') 
i

exp(X  '  j )
i

1  exp(X  '  j )

, j  1, 2..., M 1

i

where M is the total number of levels of the dependent variable; X is a vector of
i

independent variables;  is a vector of logit coefficients, and  j is a cut-point for being
at level j or lower versus a higher level.
A key of assumption of the proportional odds model is that the logit coefficients are
equal across logit equations for the different cut-points, implying that the effect of each
independent variable on the log odds of the dependent variable is the same regardless of
which levels of the dependent variable are being compared. This enables the reporting of
a single coefficient for each independent variable, similar to a binary logit model
(Fullerton, 2009). We used a Wald test to determine if our data violate this assumption
(Brant, 1990; Long and Freese, 2006). The overall equality of the coefficients (omnibus
test) and each individual variable were tested. No statistically significant test statistics
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were returned at the 0.05 level, indicating that the assumption was not violated. Pairwise
correlations were calculated for all independent variables in the model to check for
multicollinearity. All pairwise correlations fell below values of 0.6, and thus all variables
were retained. The variance inflation factor (VIF) was also calculated for both empirical
models. The VIF for the full EFFICACY model was 1.70, while the VIF for the full
INTENT model was 1.71. Both are below the commonly used heuristic that a VIF of 10
may indicate a problem of multicollinearity.
3.4 Principal component analysis
Three sets of survey items in the smallholder household survey questionnaire
measured various aspects of smallholder perceptions of climatic and non-climatic sources
of risk. The first set included 15 items measuring perceived risks and challenges from
non-climatic sources to livelihoods. The second set included 16 items measuring
perceived risks and challenges from climatic sources to livelihoods. The third set includes
10 items measuring perceived impacts of climate change on farming and livelihoods.
High correlations among several of the survey items within each set indicate that the data
are not one-dimensional, which warrants a data reduction procedure. Principal component
analysis (PCA) is a statistical technique that can be used to reduce a large number of
correlated variables into a smaller number of uncorrelated, composite variables called
principal components with a minimal loss of information (Cook and Ma, 2014). The
results of a PCA are usually discussed in terms of PC loadings, which represent the
correlations between the survey items and the PCs, and are used to define and name the
PCs (Cook and Ma, 2014). An absolute PC loading of 0.50 or greater indicates a strong
association among survey items used to generate that PC, and in this study we used the
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cut-off point of 0.55. Cronbach’s alpha was also calculated for each PC to measure the
internal consistency of survey items to determine the reliability of the PC (Cronbach,
1951). Values of 0.70 or higher indicate sufficient scale reliability (Nunnally, 1978), and
PCs with a Cronbach’s alpha value lower than 0.70 should be interpreted with caution.
To determine which PCs to retain, Kaiser (1958) stated that all PCs with an eigenvalue of
one or greater should be retained. After applying PCA to the aforementioned three sets of
survey items, the first set of survey items measuring perceived risks and challenges from
non-climatic sources were reduced to four PCs (Table 2-3), the second set of survey
items measuring perceived risks and challenges from climatic sources were reduced to
three PCs (Table 2-4), and the third set of survey items measuring perceived impacts of
climate change were reduced to three PCs (Table 2-5).
4.

Results

4.1 Demographic and economic
profile of smallholders
Smallholders in each of the three counties are dependent on agriculture to both provide
income and supply family food needs, though to varying degrees. The mean age of our
sample was 51, and the average respondent completed five years of school. Smallholders
in Yangling earned an average household income of 23,717 Yuan, with 37% of it derived
from agricultural activities. In Mizhi, the average household income was 11,261 Yuan,
with 66% coming from agriculture. In Hongsipu, smallholders earned a household
income of 22,233 Yuan, with 68.3% of it resulting from agricultural activities. Across the
sampled households, working off farm, whether through labor migration or local wage
work, played an important role in household livelihood strategies. Eighty six percent of

Table 2-2
Independent variables used in the empirical models for estimating smallholders’ perceived self-efficacy to adapt to climate change and
their adaptation intent
Categories of objective
determinants of adaptive
capacity
Human Capital

Variable name

Description

Type/scale

AGE
GENDER
EDUCATION

Respondent’s age
Respondent’s gender
Respondent’s education level

FARMEXP
FARMLABOR
LOC_WORK
MIG_WORK
ADAPT_RAIN
REALLOCATE_RISK
MRKT_RISKb
PERS_RISKb
FARM_RISKb
EX_RISKb
PRCP_RISKb
PRDCT_RISKb

Number of years of farming experience
Number of people who provide labor on farm
Household member works off-farm locally
Household member migrates for work on a (semi)-permanent basis
Respondent has adapted to precipitation related changes in the last 30 years
Respondent’s perception of the risk their land will be reallocated in the next ten years.
The amount of perceived risk posed to livelihood from market sources
The amount of perceived risk posed to livelihood from illness or injury
The amount of perceived risk posed to livelihood from on-farm sources
The amount of perceived risk posed to livelihood from sources beyond household’s control
The amount of perceived risk posed to livelihood from changes in precipitation-related events
The amount of perceived risk posed to livelihood from increased unpredictability of climate
events
The amount of perceived risk posed to livelihoods from changes in spring time climate events
The level of perceived impact climate change will have on water availability and growing season
The level of perceived impact climate change will have on the profitability of agriculture
The level of perceived impact climate change will have on crop yields
Respondent’s agreement with the statement “Climate has changed in the last 30 years”
Respondent’s perception that adapting to climate change on their own is very difficult
Respondent’s perception that adapting to climate change on their own is somewhat difficult
Respondent’s perception that adapting to climate change on their own is somewhat easy

Continuous
Binary/1=male
Binary/1=complete
d middle school or
higher
Continuous
Continuous
Binary/1=yes
Binary/1=yes
Binary/1=yes
Binary/1=yes
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous

FROST_RISKb
WTR_SSN_IMPACTb
PRFT_IMPACTb
YLD_IMPACTb
CLIMATE
ABILITY_2a
ABILITY_3a
ABILITY_4a

Continuous
Continuous
Continuous
Continuous
Binary/1=yes
Binary/1=yes
Binary/1=yes
Binary/1=yes
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Categories of objective
determinants of adaptive
capacity
Information and
Technology/Material Resources
and Infrastructure

Variable name

MULCH
GREENHOUSE
IRR_SCHD
IRRIGATION
Wealth and financial capital
INC_2
INC_3
INC_4
CREDIT
MARKET
Institutions and entitlements
EXTENSION
REALLOCATE
COOP
MIZHI
HONGSIPU
MIDDLE
FAR
a Only used to predict intention to adapt
b Principal component analysis factor scores
c 6.5 Yuan equals $1

Description

Type/scale

Respondent uses plastic mulching
Respondent has a greenhouse
Respondent uses an irrigation schedule
Respondent’s land is irrigated
Respondent income level between 10,000-19,999 Yuan
Respondent income level between 20,000-29,999 Yuan
Respondent income level over 30,000 Yuan
Respondent’s perception that lack of credit access is important to farm management decisions
Respondent’s perception that market access is important to farm management decisions
Respondent was visited by agricultural extension agent in the previous year
Respondent’s land was reallocated in the past ten years
Respondent is a member of a local farmer cooperative
Respondent lives in Mizhi
Respondent lives in Hongsipu
Respondent lives >10km and <20 km from local population center
Respondent lives >20km from local population center

Binary/1=yes
Binary/1=yes
Binary/1=yes
Binary/1=yes
Binary/1=yes
Binary/1=yes
Binary/1=yes
Binary/1=yes
Binary/1=yes
Binary/1=yes
Binary/1=yes
Binary/1=yes
Binary/1=yes
Binary/1=yes
Binary/1=yes
Binary/1=yes
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Table 2-3
Description of survey items measuring smallholder perceptions of risk and challenge
from non-climatic sources to livelihood
Rotated principal component
Risk and challenge from non-climatic sources to loadingb
Cronbach’
livelihooda
s Alpha
MRKT FARM PERS_ EX_
_RISKc _RISKd RISKe RISKf
High cost of farming inputs
.66
.90
Low income from farming
.73
Unpredictable crop markets
.85
Lack of available markets to sell crops
.75
Low or unfair crop prices from crop buyers
.87
Low market prices
.88
Pests and diseases
.62
.73
Not enough water to irrigate sufficiently
.70
Lack of proper tools
.67
Lack of access to technical help
.63
Not enough labor to farm properly
.82
.75
Personal illness or injury
.82
Land being taken away (i.e., lack of tenure
.80
.61
security)
Low quality seeds
.65
Polluted irrigation water
.71
a
Item scale: 1=not a difficulty, 2=slight difficulty, 3=moderate difficulty, 4=significant difficulty
b
Blanks represent rotated PC loadings < .55
c
MRKT_RISK was defined as the amount of perceived risk posed to livelihood from market
sources
d
FARM_RISK was defined as the amount of perceived risk posed to livelihood from on-farm
sources
e
PERS_RISK was defined as the amount of perceived risk posed to livelihood from illness or
injury
f
EX_RISK was defined as the amount of perceived risk posed to livelihood from sources outside
of household’s control
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Table 2-4
Description of survey items measuring smallholder perceptions of risk and challenge
from climatic sources to livelihood
Risk and challenge from climatic sources to
livelihooda

Rotated principal component
loadingb
PRCP_
PRDCT_ FROST_
c
RISK
RISKd
RISKe
.83
.82
.67
.78
.76
.79

Cronbach’
s Alpha

Decreased length of rainy season
.93
Less rain during rainy season
Increased rainfall intensity during rainy season
Increased spring temperature
Increased summer temperature
Increased winter temperature
Increased morning/afternoon temperature
.68
difference during growing season
Increased drought
.56
Change in timing of 24 solar terms
.60
.88
Unpredictable rainfall
.85
Unpredictable drought
.86
Unpredictable temperature
.85
Spring arriving late
.63
Longer time for frozen ground to thaw in the
.60
.83
spring
Increased spring frosts
.90
Increased spring cold spells
.90
a
Item scale: 1=not a difficulty, 2=slight difficulty, 3=moderate difficulty, 4=significant difficulty
b
Blanks represent rotated PC loadings < .55
c
PRCP_RISK was defined as the amount of perceived risk posed to livelihood from changes in
precipitation-related events
d
PRDCT_RISK was defined as the amount of perceived risk posed to livelihood from increased
unpredictability of climate events
e
FROST_RISK was defined as the amount of perceived risk posed to livelihood from changes in
spring time climate events
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Table 2-5
Description of survey items measuring smallholder perceptions of impacts of climate change on
farming and livelihood
Statement of potential impact of climate change
on farming and livelihooda

Rotated principal component loadingb
WTR_SSN_ PRFT_
YLD_
IMPACTc IMPACTd IMPACTe
.59

Cronbach’s
Alpha

My crop will need more water
.79
The timing I need to irrigate my crops will
.62
change
Less water will be available for irrigation
.62
The amount of time during which I can harvest
.81
my crops will become shorter
The growing season will become shorter
.80
The amount of land that can be farmed in my
.61
.73
village will be reduced
Climate change will negatively affect the
.80
profitability of my farm in the future
Farming will no longer be profitable in my
.79
village
My crop yields will decrease
.72
.55
Pest invasions will increase
.65
a
Item scale: 1=highly disagree, 2=somewhat disagree, 3=somewhat agree, 4=highly agree
b
Blanks represent PC loadings < .55
c
WTR_SSN_IMPACT was defined as perceiving climate change impact on water availability
and growing season
d
PRFT_IMPACT was defined as perceiving climate change impact on the profitability of
agriculture
e
YLD_IMPACT was defined as perceiving climate change impact on crop yields

smallholding households in Yangling engaged in some form of off-farm work. In Mizhi,
54 % did. And in Hongsipu, the number was 61%.
Farm sizes across all three study sites were relatively small. On average, study
participants had usufruct rights to 8.3 mu (1.37 acres) of land, divided across three noncontiguous plots. Farm labor was provided by an average of 2.3 household members.
Respondents were asked to report the market versus subsistence orientation of their
farms, the types of crops they grow, and the technologies they use in their farming. In
Mizhi, 58.4% identified themselves as employing a diversified subsistence/market
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strategy. Only 8% farmed solely for market purposes. In Yangling, these numbers were
51% and 31%, respectively. Sixty-three percent of respondents in Hongsipu only grew
crops that were to be sold, while 25% of respondents grew for both market and personal
food consumption purposes. Eighty-three percent of the farmers in our sample grew
maize. In response to locally-led initiatives to alleviate poverty, farmers in Yangling and
Hongsipu have increasingly moved into kiwi (6%) and goji (11%) production,
respectively, though maize still dominated in both areas. Aggregated across the three
counties, 33% of smallholders grew either vegetables or fruit as their primary marketoriented crop. Sixty-four percent of smallholders raised livestock, primarily chickens for
personal use and pigs for market. In Hongsipu, smallholders also raised sheep, which
they sell in times of financial emergency. Household access to irrigation water was
differentially distributed across the three research sites. Seventy-nine percent of
households in Yangling had irrigated land. Forty-one percent in Mizhi did. In Hongsipu,
100% of households had irrigated land. Of the smallholders with irrigated land, 48%
reported using an irrigation schedule: 63% in Yangling, 24% in Mizhi, and 57% in
Hongsipu. Nearly all households had access to and used simple technologies, such as
fertilizer (91%), pesticides (94%), and store-bought seeds (90%). More expensive
technologies such as greenhouses (7%), various types of water saving irrigation (7%),
such as drip irrigation, and the use of plastic mulching (37%) were less prevalent.
Greenhouses and water saving irrigation were primarily used in Yangling, while the use
of plastic mulching was more evenly distributed across the three counties.
4.2 Perceived self-efficacy
The nested proportional odds ordered logistic regression model assessing the factors
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Fig. 2-3. Respondents perceived self-efficacy to adapt to climate change with and without
outside assistance
that influence smallholders’ perceived self-efficacy to adapt to climate change (Figure 23) was statistically significant (p < 0.01) across each of the four blocks of the full model
(Table 2-6). Several factors were consistently statistically significant at the 5% level or
lower across the nested models. Of the variables measuring the effect of human capital on
the dependent variable, having completed middle school or higher, the presence of more
household members who performed agricultural labor, income from a local off-farm
source, and having previously adapted to rainfall related changes in the climate all had
positive significant relationships with perceived self-efficacy.
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Interestingly, higher scores on each of the PCAs that measured respondents’
perceived risk from climate change to their agricultural livelihoods had little to no
relationship with the dependent variable. The same was true for each of the PCA
variables that measured perceived impacts of climate change on agriculture. In contrast to
this, each of the variables measuring the amount of risk that non-climatic sources pose to
respondents’ livelihoods had a significant negative relationship with perceived selfefficacy in at least one of the four models. The largest negative effect was that of
perceived market risk on the dependent variable (p < 0.01 across the models). In model
four, for each one unit change in MRKT_RISK, the odds of being in the category
indicating the highest level of perceived self-efficacy, versus being in the three combined
lower categories was 0.54 lower when all other variables were held constant.
In model two, we added the variables that measured the effect of information and
technology and material resources and infrastructure on the dependent variable. The
resultant model produced a fit that was not significantly better than the restricted model
(p < 0.01). Among these variables, the use of an irrigation schedule had a statistically
significant positive relationship with perceived self-efficacy (p < 0.01). In contrast,
smallholders who used plastic mulching, usually for corn production, had 0.55 lower
odds of being in the highest three categories of perceived self-efficacy, versus being in
the lowest category.
In the third model, we included the wealth and financial capital variables. Each of
these variables had either a significant positive or negative relationship with the
dependent variable and the resultant model was a significantly better fit than models two
and one (p < 0.01). Not surprisingly, being in income level two, three, or four, had a large
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impact on perceived self-efficacy. For example, smallholders with an average annual
income of more than 30,000 Yuan had a 3.17 greater odds of being in a higher versus
lower self-efficacy category when compared to those whose annual income was less than
10,000 Yuan. Those who indicated market considerations were important to their farm
management choices, signifying they are market-oriented producers, had significantly
greater odds of having higher levels of perceived self-efficacy, while the opposite was
true for those whose farming practices were limited by not having access to credit.
The results of model four show that including measures of the effect of institutions
and entitlements on perceived self-efficacy produced a statistically significant (p < 0.01)
better fit than the previous three restricted models. While the overall set of variables had
a significant effect on determining a smallholders’ level of perceived self-efficacy, the
only variable that had a statistically significant association with the dependent variable
(negative) was being a smallholder in Hongsipu, as compared to being a smallholder in
Yangling.
4.3 Adaptation intent
The nested proportional odds logistic regression model assessing the factors that
influence smallholders’ intent to adapt to climate change was statistically significant (p <
.01) across each of the four blocks of the full model (Table 2-7). Similar to the model
described in section 4.3, several of the variables were statistically significant predictors of
adaptation intent at the 5% level or lower across each block of the model. For the model
measuring the influence of human capital on adaptation intent, having at least a middle
school education, previously having adapted to changes in rainfall, and higher perceived
risk to livelihood from market related variables were all positively correlated with the
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dependent variable. As opposed to the EFFICACY models, the PCAs that measured
smallholder’s perceived risk from climate change and the impacts they thought climate
change would have on agriculture and their livelihoods had statistically significant
associations with adaptation intent. In particular, in model eight farmers who perceived a
one unit higher level of risk from precipitation and temperature related changes that
would lead to less water availability had 0.62 lower odds of being in the highest category
of adaptation intention versus the combined likelihood of being in one of the three higher
categories. Farmers who perceived more risk from not being able to predict the climate
also had the same odds of being in a lower adaptation intent category. Related to this,
farmers who reported that the climate had changed over the past thirty years had 0.53
lower odds of reporting a higher intent to adapt than a lower one than in model eight than
those who said the climate had not changed. Among the perception related variables, the
largest positive effect across the four models was that of perceived self-efficacy on the
dependent variable. In model eight, being in the highest self-efficacy category versus
being in the lowest meant that a smallholder had a 21.29 greater odds of being in the
highest adaptation intent category versus the combined odds of being in the lower three
categories.
The results of model six show that adding the variables measuring the influence of
information and technology and material resources and infrastructure on the dependent
variable produced a statistically significant better fit than model five (p < .01). Among
these added variables, only farmers who owned and used greenhouses in their operation
had significantly greater odds of having a higher level of adaptation intent (p <.05).
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For the seventh model, we included measures of wealth and financial capital. None
of these variables had a statistically significant relationship with adaptation intent and
including them did not produce a model that was a better fit than model six.
In model eight, we included the institution and entitlement variables. Adding these
variables to the restricted models produced a model that was significantly better fit. Here,
the largest significant effect on the dependent variable was being a smallholder in
Hongsipu, as compared to being a smallholder in Yangling.
5.

Discussion
Many of our results confirm the findings of earlier research looking at the cognitive

dimensions of climate change adaptation. For example, our results support the hypothesis
that people’s perception of their self-efficacy plays an important role in determining their
intention to adapt (Grothmann and Patt, 2005; Kuruppu and Liverman, 2011). Other
studies have suggested that an individual’s perceived self-efficacy may be more
influenced by past experiences with successfully dealing with climatic stressors rather
than an understanding of the likely impacts of climate change (Kurupu and Liverman,
2011). In our study, this also proved to be true with smallholders who reported that they
had successfully adapted their livelihoods to changes in rainfall related variables being
more likely to report high levels of perceived self-efficacy and adaptation intent. Others
have suggested that households with more assets are more likely to undertake adaptation
activities because they have capital reserves that they can draw on to pay for the activity
(Lemos et al., 2013). Moreover, high incomes enable a safe space in which households
can take on the risks that attend adaptation activities without jeopardizing the short- or
long-term welfare of household members (Panda et al., 2013). Thus, relationship between
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higher incomes and higher levels of perceived self-efficacy seen in this study are likely
explained by the fact that higher income households have a greater number of secure
assets (and hence more secure livelihoods) than do the households who are in the lower
income categories. However, it is interesting to note that income level did not have a
strong influence on respondents’ intentions to adapt.
Recent research has shown that local institutions both shape adaptive practice and
play a role in enhancing adaptive capacity (Agrawal and Perrin, 2009; Wang et al., 2013).
Our research provides an indication that local institutions play an important role in
mediating both perceived self-efficacy and adaptation intent. Because our measures of the
effect of institutions on self-efficacy and adaptation intent are rather coarse, future
research should investigate the effect of specific institutions on perceived self-efficacy
and adaptation intent within the MPPACC model.
In our models, personal risk, labor availability, and performing local wage work all
had significant relationships with perceived self-efficacy. Other studies have found that
farmers perceived the risk of illness and injury to be similar to or greater than the risk
posed by climate change (Thomas et al. 2007). Our results suggest that Loess Plateau
smallholders also think that illness and injury present greater challenges to their ability to
adapt to climate change than does the severity of climate change itself. One possible
explanation for this is that labor availability for farm related work presents large
challenges for households in the Loess Plateau Region, where landholdings are rarely
large enough for smallholders to produce an adequate income from agriculture alone.
This can be seen in the fact that households with more members who regularly performed
agricultural labors were more likely to report higher levels of self-efficacy. Likewise,
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those households that received income from local wage work similarly reported higher
levels of perceived self-efficacy, while the presence of migrant labor had no statistical
relationship with self-efficacy. We suggest that this is because the relationship between
off-farm work and perceived self-efficacy is mediated through its impact on labor
availability. Local wage workers are available for agricultural labor during peak times
such as harvest season, while migrant laborers may not be. Thus it seems that it is the
presence of a potential laborer rather than higher incomes that result from performing offfarm work that effects smallholder’s perceptions of their ability to adapt to climate
change when taking into account their off farm labor practices.
In much of the literature that examines individual response to natural hazards or
climate change, researchers assume that higher levels of perceived risk should be
positively correlated with higher levels of adaptation intent (Lo, 2013). In the MPACCC
model, the influence of perceived risk on adaptation behavior is mediated by perceived
adaptive capacity. Thus, when levels of risk perception are high but perceived selfefficacy is low, individuals would not be expected to state that they intend to take action
to adapt to climate change. Our study supports this contention as higher levels of risk
perception from several climate change related variables predict membership in lower
categories of adaptation intent. One explanation for why greater perceived risk and lower
likelihood to adapt to climate change are correlated is smallholders may view the risks of
adapting as greater than the risks of not adapting (Patt and Schröter, 2008). Evidence of
this can be seen in the fact that the variables that constitute the market risk PCA had a
strong negative relationship with a smallholder’s perceived self-efficacy. Further, market
related variables were consistently reported by smallholders to pose the greatest amount
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of challenge or risk to their livelihoods, while climate related variables were seen to
create less risk or challenge. Because many of the currently available changes to cropping
or irrigation practices in the Loess Plateau region that may successfully adapt
smallholders to climate change require increased or new types of engagement with
markets, it is likely that farmers expect adopting these strategies will introduce unwanted
levels of risk into their lives. This is supported by findings from Burnham and Ma
(Chapter 4), who showed that the perceived risks of increased or new types of market
participation (through increased production or having to find markets for new crops)
reduce smallholder willingness to adopt water saving irrigation technologies in the Loess
Plateau Region.
Within the MPPACC model, reliance on public adaptation is one factor that
decreases an individual’s appraisal of the risk that climate change poses to them, as well
as the likelihood they would engage in adaptive behavior on their own. While we did not
measure the effect of public adaptation on risk perception levels, our results add a new
dimension to thinking about the role public adaptation plays in the MPPACC model.
Across our sample, reliance on public adaptation and or livelihood interventions is seen
to have a strong affect on adaptation intent, as the model predicts, but also on perceived
self-efficacy. Throughout the Loess Plateau Region, local and regional governments and
universities have been heavily involved in the building and dissemination of irrigation
infrastructure, developing and distributing drought resistant hybrid corn seeds, and offer
subsidies that enable smallholders to purchase pesticides, fertilizers, and plastic
mulching, among other things. Farmers generally reported a low perceived self-efficacy
and correspondingly low adaptation intent when they were asked about their ability or

Table 2-6
Logistic estimates of the empirical model for estimating smallholders’ perceived self-efficacy to adapt to climate change
Human capital
(model 1)
Explanatory variablea
Coefficientb,c
AGE
-0.01 (0.01)
GENDER
0.29 (0.21)
EDUCATION
0.75 (0.22)***
FARMEXP
0.00 (0.01)
FARMLABOR
0.21 (0.09)**
LOC_WORK
0.49 (0.21)**
MIG_WORK
0.20 (0.21)
ADAPT_RAIN
1.10 (0.21)***
REALLOCATE_RISK
-0.01 (0.26)
MRKT_RISK
-0.56 (0.13)***
PERS_RISK
-0.29 (0.11)***
FARM_RISK
-0.24 (0.12)**
EX_RISK
-0.04 (0.11)
PRCP_RISK
-0.05 (0.13)
PRDCT_RISK
0.06 (0.12)
FROST_RISK
0.06 (0.11)
WTR_SSN_IMPACT
0.03 (0.11)
PRFT_IMPACT
-0.04 (0.10)
YLD_IMPACT
0.03 (0.11)
CLIMATE
-0.41 (0.28)
MULCH
GREENHOUSE
IRR_SCHD
IRRIGATION
INC_2
INC_3
INC_4
CREDIT
MARKET
EXTENSION
REALLOCATE
COOP
MIZHI
HONGSIBU
DISTANCE_2
DISTANCE_3
LR chi-square
124.09***
Psuedo R2
0.13
Log likelihood
-432.358***
a 420 observations
b Unstandardized regression coefficients (standard errors)
c *p<.1,**p<.05, ***p<.01

Odds ratio
0.99
1.34
2.11
1.00
1.23
1.64
1.22
3.00
0.99
0.57
0.75
0.79
0.96
0.96
1.06
1.06
1.02
0.96
1.03
0.66

Information and technology/Material
resources and infrastructure
(model 2)
Coefficientb,c
Odds ratio
-0.01 (0.01)
0.99
0.27 (0.21)
1.31
0.77 (0.23)***
2.16
0.00 (0.01)
1.00
0.19 (0.09)**
1.21
0.49 (0.21)**
1.63
0.25 (0.21)
1.28
1.00 (0.22)***
2.71
-0.12 (0.26)
0.88
-0.58 (0.13)***
0.56
-0.31 (0.11)***
0.73
-0.23 (0.13)*
0.80
-0.07 (0.12)
0.93
0.00 (0.14)
1.00
0.07 (0.12)
1.07
0.11 (0.11)
1.12
0.01 (0.11)
1.01
-0.01 (0.10)
0.99
0.02 (0.11)
1.02
-0.37 (0.28)
0.69
-0.35 (0.22)
0.71
0.30 (0.41)
1.34
0.36 (0.25)
1.44
0.05(0.31)
1.05

129.51***
0.131
-429.64

Wealth and financial capital
(model 3)
Coefficientb,c
-0.01 (0.01)
0.34 (0.21)
0.63 (0.24)***
0.00 (0.01)
0.24 (0.09)**
0.51 (0.21)**
0.14 (0.22)
0.87 (0.23)***
-0.03 (0.27)
-0.62 (0.13)***
-0.25 (0.12)**
-0.23 (0.13)*
-0.17 (0.12)
0.04 (0.15)
0.13 (0.13)
0.10 (0.11)
0.00 (0.12)
-0.07 (0.11)
0.03 (0.12)
-0.38 (0.29)
-0.35 (0.22)
0.14 (0.43)
0.53 (0.26)**
-0.31 (0.32)***
1.05 (0.29)***
0.94 (0.33)***
1.02 (0.32)***
-0.65 (0.23)***
1.10 (0.37)***

162.50***
0.16
-413.151***

Odds ratio
0.99
1.40
1.89
1.00
1.27
1.67
1.15
2.38
0.97
0.54
0.78
0.80
0.85
1.04
1.14
1.10
1.00
0.93
1.03
0.68
0.71
1.15
1.69
0.73
2.86
2.55
2.76
0.52
3.00

Institutions and entitlements
(model 4)
Coefficientb,c
-0.01 (0.01)
0.36 (0.22)*
0.61 (0.25)**
0.00 (0.01)
0.22 (0.10)**
0.49 (0.22)**
0.07 (0.22)
0.84 (0.24)***
-0.26 (0.28)
-0.62 (0.14)***
-0.29 (0.13)**
-0.18 (0.14)
-0.35 (0.14)**
-0.13 (0.16)
0.22 (0.13)*
0.07 (0.12)
-0.02 (0.13)
-0.14 (0.12)
0.08 (0.12)
-0.43 (0.31)
-0.61 (0.24)**
0.04 (0.44)
0.51 (0.27)**
-0.04 (0.34)
1.20 (0.31)***
1.04 (0.35)***
1.15 (0.34)***
-0.46 (0.24)**
1.01 (0.38)***
0.46 (0.24)
0.51 (0.32)
0.41 (0.31)
0.06 (0.39)
-0.94 (0.36)***
0.08 (0.25)
-0.02 (0.28)
185.63***
0.18
-401.586**

Odds ratio
0.99
1.44
1.84
1.00
1.25
1.63
1.08
2.31
0.77
0.54
0.75
0.84
0.71
0.88
1.25
1.07
0.98
0.87
1.09
0.65
0.55
1.04
1.67
0.96
3.32
2.82
3.17
0.63
2.75
1.59
1.67
1.51
1.07
0.39
1.08
0.98
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Table 2-7
Logistic estimates of the empirical model for estimating smallholders’ stated intent to adapt to climate change
Human capital
(model 5)
Explanatory Variablea
AGE

Coefficientb,c

Odds Ratio

Information and technology/Material
resources and infrastructure
(model 6)
Coefficientb,c
Odds Ratio

Wealth and financial capital
(model 7)
Coefficientb,c

Odds Ratio

Institutions and entitlements
(Model 8)
Coefficientb,c

Odds Ratio

1.00

0.00 (0.01)

1.00

0.00 (0.01)

1.00

0.00 (0.01)

1.00

0.05 (0.21)

1.05

0.05 (0.21)

1.05

0.05 (0.21)

1.05

0.11 (0.22)

1.12

1.64
1.01
0.89
0.71
1.06
1.77
0.61
1.46
1.07
1.34
0.98
0.74
0.64
1.03
0.94
0.77
1.04
0.60
4.81
6.26
21.42
1.31
2.30
1.52
0.86
1.09
1.00
1.09
1.07
1.35

0.41 (0.25)*
0.01 (0.01)
-0.10 (0.09)
-0.43 (0.22)*
0.03 (0.22)
0.75 (0.24)***
-0.52 (0.29)*
0.32 (0.14)**
0.04 (0.12)
0.25 (0.14)*
-0.05 (0.13)
-0.47 (0.16)***
-0.48 (0.13)***
0.07 (0.12)
0.02 (0.12)
-0.21 (0.11)*
0.00 (0.12)
-0.64 (0.29)**
1.57 (0.27***
1.87 (0.34)***
3.06 (0.54)***
0.11 (0.23)
0.85 (0.43)**
0.39 (0.26)
0.13 (0.33)
0.20 (0.29)
-0.05 (0.34)
0.14 (0.32)
0.17 (0.23)
0.09 (0.37)
0.28 (0.23)
-0.08 (0.33)
-0.35 (0.31)
0.72 (0.39)*
-0.31 (0.35)
-0.28 (0.24)
-0.87 (0.28)***
179.22***
0.18
-403.61**

1.51
1.01
0.91
0.65
1.04
2.13
0.60
1.38
1.04
1.29
0.95
0.62
0.62
1.08
1.02
0.81
1.00
0.53
4.80
6.49
21.29
1.11
2.33
1.47
1.14
1.22
0.95
1.15
1.18
1.10
1.32
0.93
0.71
2.05
0.73
0.75
0.42

0.49 (0.24)**
0.01 (0.01)
-0.12 (0.09)
-0.35 (0.21)*
0.05 (0.21)
0.60 (0.22)***
-0.48 (0.27)*
0.40 (0.13)***
0.09 (0.11)
0.28 (0.13)**
-0.02 (0.11)
-0.31 (0.14)**
-0.45 (0.12)***
0.03 (0.11)
-0.05 (0.11)
-0.23 (0.11)**
0.03 (0.12)
-0.52 (0.28)*
1.60 (0.26)***
1.90 (0.32)***
3.07 (0.51)***
0.29 (0.21)
0.86 (0.42)**
0.39 (0.26)
-0.11 (0.30)

161.84***
0.16
-413.22**

1.63
1.01
0.89
0.71
1.05
1.83
0.62
1.50
1.09
1.32
0.98
0.73
0.63
1.03
0.95
0.79
1.03
0.60
4.97
6.66
21.63
1.33
2.37
1.48
0.90

0.49 (0.24)**
0.01 (0.01)
-0.11 (0.09)
-0.34 (0.21)
0.05 (0.21)
0.57 (0.23)**
-0.49 (0.28)*
0.38 (0.13)***
0.07 (0.12)
0.29 (0.13)**
-0.02 (0.12)
-0.30 (0.14)**
-0.44 (0.13)***
0.03 (0.11)
-0.06 (0.11)
-0.26 (0.11)**
0.04 (0.12)
-0.51 (0.28)*
1.57 (0.26)***
1.83 (0.34)***
3.06 (0.53)***
0.27 (0.22)
0.83 (0.42)**
0.42 (0.26)*
-0.15 (0.31)
0.08 (0.28)
0.00 (0.32)
0.09 (0.31)
0.07 (0.22)
0.30 (0.35)

161.12***
0.16
-412.66
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GENDER
0.56 (0.24)**
1.76
EDUCATION
0.01 (0.01)
1.01
FARMEXP
-0.10 (0.09)
0.91
FARMLABOR
-0.31 (0.21)
0.73
LOC_WORK
0.01 (0.21t)
1.01
MIG_WORK
0.73 (0.21)***
2.08
ADAPT_RAIN
-0.37 (0.27)
0.69
REALLOCATE_RISK
0.41 (0.13)***
1.50
MRKT_RISK
0.08 (0.11)
1.08
PERS_RISK
0.22 (0.13)*
1.25
FARM_RISK
0.07 (0.11)
1.07
EX_RISK
-0.30 (0.13)**
0.74
PRCP_RISK
-0.47 (0.12)***
0.63
PRDCT_RISK
0.01 (0.11)
1.01
FROST_RISK
-0.02 (0.11)
0.98
WTR_SSN_IMPACT
-0.26 (0.10)**
0.77
PRFT_IMPACT
0.01 (0.12)
1.01
YLD_IMPACT
-0.50 (0.28)*
0.61
CLIMATE
ABILITY_2
1.62 (0.25)***
5.04
ABILITY_3
1.92 (0.32)***
6.85
ABILITY_4
3.02 (0.51)***
20.50
MULCH
GREENHOUSE
IRR_SCHD
IRRIGATION
INC_2
INC_3
INC_4
CREDIT
MARKET
EXTENSION
REALLOCATE
COOP
MIZHI
HONGSIPU
DISTANCE_2
DISTANCE_3
150.32***
LR chi-square
Psuedo R2
0.15
-418.06***
Log likelihood
a 420 observations
b Unstandardized regression coefficients (standard errors)
c *p<.1,**p<.05, ***p<.01
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0.00( 0.01)
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likelihood to adapt to climate change without outside assistance. Conversely, when asked
about their ability and intent to adapt to climate change with outside assistance,
smallholders reported much higher levels of self-efficacy and adaptation intent. Indeed,
in our interview work, the most common response to a question asking smallholders what
could be done to adapt to climate change was that it was impossible for them to adapt on
their own and that it is the government’s responsibility to lead adaptation efforts.
Further evidence of the relationship between public adaptation and perceived selfefficacy is demonstrated by the negative relationship between being a farmer in Hongsipu
(with Yangling as the reference category) and reporting a high level of perceived selfefficacy. Hongsipu was created in 1998 as a relocation site for households who lived in
nearby areas scheduled to be inundated with water by the building of a dam. Families
who lived on marginal hillsides in mountainous areas where it was difficult to provide
government services and build irrigation infrastructure were also relocated there.
Importantly, many of the resident’s raised livestock in their former villages and did not
grow crops. The government has set up a canal system to deliver agricultural water from
the Yellow River to all the villages included in our sample. In many villages, the farmers
utilize irrigation schedules given to them by the Hongsipu City Water Resources Bureau,
dictated by both water availability and crop requirements. Further, many of the villages
have had extension agents live in them for at least a year who taught them how farm in a
way appropriate to the region. Further, many villagers participate in government
sponsored workshops four to six times a year designed to teach them agricultural skills,
such as pruning. Finally, local and regional governments have assisted with the
development of goji as a cash crop for the area. Thus, the state has had a heavy hand in
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developing agriculture as a viable pursuit in Hongsipu, and smallholders have become
dependent on state involvement. Similar results have been reported in the literature
(Crate, 2011; Eakin and Bojorquez-Tapia, 2008; Lemos et al., 2013; Saldaña-Zorrilla,
2008), where it has been noted that a household’s long-term capacities may be eroded
when state-sponsored welfare programs create “dependencies between state and society,”
which can create rigidities that may decrease the ability of smallholder households to
adapt to climatic or other stressors on their own (Lemos et al., 2013). Our results indicate
that these state-society dependencies play a major role in determining both perceived
self-efficacy and adaptation intent, and thus are an important component of the cognitive
dimensions of climate change adaptation.
In both of the nested models, smallholders who used technologies to mediate the
impacts of climate on their production were seen to have higher levels of perceived selfefficacy and adaptation intent. For example, smallholders who used greenhouses in their
agricultural production were more likely to report a higher adaptation intent level.
Greenhouses protect crop production from climate variability because they allow
temperature and water variables to be manipulated through indoor planting in a climate
controlled setting. Further, the general presence of irrigation water had a positive
relationship with a smallholder’s perceived self-efficacy in model three, and the use of an
irrigation schedule had a positive relationship with the dependent variable in model three
and four. Similar to greenhouses, irrigation and irrigation schedules allow smallholders
some degree of control over the climate and allow them to mediate the major climatic
constraint to crop production on in the Loess Plateau Region: water scarcity, particular in
the early growing season. Interestingly, the use of plastic mulching had a negative
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relationship with perceived self-efficacy. In the Loess Plateau Region, the use of plastic
mulching in corn production was introduced in the early 2000s and enables smallholders
to mitigate the negative impacts of early growing season water shortages. In our sample,
plastic mulching was primarily used in rainfed systems. Thus, while it does enable a
certain degree of control over the climate, smallholders may also view it as being all that
can be done to deal with aridity short of irrigation. As the MPPACC model predicts,
smallholders may view plastic mulching as having a low adaptation efficacy, and, as a
result, they would have lower perceived self-efficacy levels.
6.

Conclusion
This study investigated what role the identified objective determinants of adaptive

capacity play in shaping smallholder’s perceived self-efficacy to adapt to climate change
and their intent to do so. To address these questions, we constructed proportional odds
nested ordered logistic regression models to examine the mediating effect of five
categories of objective determinants of adaptive capacity on smalholders’ perceived selfefficacy and adaptation intent. This study is among the first to systematically examine
how an individual’s perception of factors identified to enhance or hinder adaptation
impact perceived self-efficacy and the formation of adaptation intent, and deepens our
understanding of the cognitive aspects of adaptation decision-making as understood by
Grothmann and Patt’s (2005) MPPACC model. Our results indicate that the risks
smallholders perceive from the impacts of climate change on agriculture play less of a
role in determining adaptation intent than do self-efficacy beliefs, as suggested by recent
research (Grothmann and Patt, 2005; Kuruppu and Liverman, 2011). Our research also
demonstrates that local institutions play an important role in shaping perceived self-
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efficacy and adaptation intent. Finally, our research adds a new dimension to
understanding the role that public adaptation plays in the MPPACC model. In particular,
this study indicates that state-society dependencies, developed through livelihood
interventions and agricultural development projects, reduce smallholder perceptions of
their self-efficacy. Our findings highlight that adaptation programs and policies need to
address both the objective and subjective components of adaptive capacity if they are to
facilitate adaptive actions. For example, interventions that fail to address the influence of
perceived market risks on smallholder efficacy beliefs and adaptation intent will likely
not be adopted or be successful as those risks outweigh the negative impacts of climate
change in the minds of smallholders.
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CHAPTER 3
KNOWING CLIMATE CHANGE: HYBRID EPISTEMOLOGIES AND THE ROLE
OF SOCIO-NATURAL ASSEMBLAGES IN SMALLHOLDER PERCEPTIONS OF
CLIMATE CHANGE2
Abstract
This paper uses a mixed-method approach to investigate smallholder perceptions of
climate change in the Loess Plateau region of China. We combine qualitative and
quantitative research methods with the analysis of climate data from local weather
stations to gauge what changes in the climate smallholders have perceived over the last
30 years, as well as how these changes have been experienced. At two research sites,
each method produced markedly different results. Drawing on the work of feminist
political ecologists and other geographers, we suggest that the dissonance between data
sets generated using different research methods arises because each method produces
knowledge that is partial and situated. Explicit interrogation of the differences can
generate unique insight into the processes through which smallholder knowledge of
climate change is produced and how it differs from scientific knowledge of climate
change. To explain the contradictions between smallholder perceptions of climate change
across the intensive and extensive methods and their disagreement with the climate
record, we adopt aspects of assemblage theory to suggest that smallholder knowledge of
climate change is structured through their observations of and interactions with dynamic,
networked socio-natural assemblages. By tracing how these assemblages become
entangled with the ways that smallholders perceive, experience, and ultimately come to
2
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know climate change, our research suggests that knowledge of climate change is not
static but rather is continually being renewed by smallholders. We argue that a better
understanding of the conduits through which perceptions and experiences of climate
change come into being, and hence how climate knowledge is shaped, is necessary to
account for the multiple epistemologies through which climate change is known. Further,
we suggest that this understanding is necessary to successfully open up spaces in which
smallholder and scientific knowledges of climate change can be paired to determine the
risks climate change poses to particular agricultural production systems and attendant
solutions.
1.

Introduction
It is increasingly understood that climate change should be studied as a hybrid

condition using multiple epistemological frameworks and integrating the social and
biophysical sciences. This is especially true in the literature examining climate change
perception and adaptation in natural resource-dependent communities (Birkenholtz, 2012,
2013; Murphy, 2011; Thomas et al., 2007). In particular, calls for the incorporation of
local knowledge and observations of climate change into scientific assessments are
proliferating for several reasons. First, because the regional specificity of climate change
is hard to predict and levels of scientific uncertainty are high at small spatial scales, local
perceptions and understandings of climate change can be used to ground truth climate
models (Birkenholtz, 2013; O’Brien et al., 2007; West et al., 2008) and monitor the
climate where instrumented data is scarce (Marin, 2010). Second, incorporating multiple
ways of knowing and local understandings of climate change impacts into climate change
research and policy development increases the relevance of planned formal adaptation
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strategies to target communities, and helps ensure that community members’ adaptive
capacities are not undermined (Birkenholtz, 2013). Further, the inclusion of multiple
ways of knowing can safeguard local knowledge and interests and prevent them from
being subordinated by scientific knowledge of climate change or the goals of policy
makers (Ahlborg and Nightingale, 2012; Birkenholtz, 2013; Byg and Salick, 2009;
Conway, 2011; Crane et al., 2011; Marin, 2010; Pringle and Conway, 2012; Robbins,
2012). Finally, it can assist with the development of more effective strategies to
communicate relevant climate and meteorological information to assist with coping and
adaptation efforts (Osbahr et al., 2011).
Much research demonstrates that resource-dependent individuals are able to detect
changes in the climate at small spatial scales (Howe and Leiserowitz, 2013). Broadly,
these studies have shown that various cultural, socioeconomic, environmental, and
individual factors affect perceived changes. These factors include farming experience and
age (Deressa et al., 2010); climatic departures from institutionalized understandings of
climatic norms established through agricultural calendars (Sánchez-Cortés and Chavero,
2011; Vedwan and Rhoades, 2001); cropping choices (Sánchez-Cortés and Chavero,
2011; Vedwan and Rhoades, 2001, Yaro, 2013); embodied experience, primarily through
labor (Geoghegan and Leyson, 2012; Sánchez-Cortés and Chavero, 2011; Vedwan,
2006); and the relevance of particular climate conditions to livelihoods (Howe and
Leiserowitz, 2013; Meze-Hausken, 2004; Osbahr et al., 2011; Roncoli et al., 2002).
Additionally, many studies have compared individuals’ perceptions of climate change to
the climate record to determine if they are accurate, finding that individual perceptions
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and the climate record are fairly congruent, though divergences exist (e.g., Mubaya et al.,
2012; Osbahr et al., 2011; Rao et al., 2011).
While this research trajectory has provided a good understanding of what climatic
changes have been perceived, it has largely treated climate change as if it were occurring
in otherwise static communities. Because of this, little is known about how climate
change interacts with other ongoing social-ecological changes to influence an
individual’s perceptions of how the climate is changing. Exceptions are Crate (2011) and
Vedwan (2006), who demonstrate that perceptions of climate change are entangled in
multiple interacting social-ecological forces and changing livelihood and resource
management regimes. For example, Crate shows that Russian colonization and Soviet
collectivization imposed land and resource restrictions that reordered spatial and
environmental orientations in northeastern Siberia, Russia, which in turn mediated horse
and cattle breeders’ observations of the impact of climate change on water regimes.
For both researchers, perceptions of climate change “exist in dynamic tension with
the material and discursive reality” in which people live (Vedwan, 2006). Their work
points to a need to investigate climate change perception within the context of a
continually changing lived reality that is shaped by historical and contemporary local
contextual factors and a community’s engagement with broader regional, national, and
global processes. As Crate argues, there is a need to change research paradigms to
account for the multiple forces that interact with climate change in these communities
and understand their influence on local observations of climate change. Similarly, several
researchers contend that local perceptions and knowledge of climate and environmental
change should be studied as a process, as opposed to merely for content (Berkes, 2009;
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Geoghegan and Leyson, 2012), as doing so can help facilitate a dialogue between
multiple epistemologies of climatic change, while recognizing that all forms of
knowledge are partial and incomplete (Berkes, 2009). This dialogue is necessary if
adequate and just solutions to the problems climate change presents to natural resourcedependent communities are to be developed. Thus, it follows that testing the accuracy of
smallholder and other natural resource-dependent individuals’ perceptions of climate
change, as many studies have done, might be less useful than examining the relationship
between perceptions of climate change and other aspects of human-environment
interactions in order to gain purchase on the multiple ways that people make sense of
climate change and come to perceive and know it (Geoghegan and Leyson, 2012;
Vedwan, 2006).
In this paper, we seek to fill the gap in understanding how changes in local socialecological conditions may mediate local observations of climate change. We use a
mixed-methods approach to compare smallholder perceptions of how the climate has
changed over the last 30 years (derived through qualitative interviews and quantitative
household surveys) in the Loess Plateau region of China to weather station data for the
same time period. The intent is not to test the veracity of the smallholder observations.
Instead, we interrogate the differences between the results produced by each method to
gain insight into the processes through which smallholder perceptions, experiences, and
knowledge of climate change are constituted. Importantly, we do not claim that
“misperceptions” of how the climate is changing are wrong. Rather, we argue that these
misperceptions are indicative of differences in the underlying epistemologies through
which smallholders and science know climate change. We draw on understandings of
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local perceptions and knowledge of the environment that characterize it as continually
evolving, contextual, holistic, and linked to daily practice and skill (Berkes, 2009;
Goldman, 2007; Ingold, 2000). In particular, we employ Ingold’s dwelling perspective to
understand how perceptions of climate change are shaped. To explain the contradictions
between smallholder perceptions of climate change across the qualitative and quantitative
methods and their disagreement with the climate record, we use aspects of assemblage
theory to suggest that smallholder perceptions and knowledge of climate change are
structured through their observations of and interactions with dynamic, networked socionatural assemblages. We argue that a better understanding of the conduits through which
perceptions and experiences of climate change come into being, and hence how climate
knowledge is shaped, is necessary to account for the multiple epistemologies through
which climate change is known. Further, we suggest that this understanding is necessary
to successfully open up spaces in which smallholder and scientific knowledges of climate
change can be paired to determine the risks climate change poses to particular
agricultural production systems and attendant solutions.
We begin with a brief overview of our study site, focusing on the climatic and socialecological changes that have occurred over the last 30 years. This is followed by a
description of the methods we used to conduct our research and analyze the data, as well
as an overview of assemblage theory and the dwelling concept. We next present an
analysis and discussion of the discrepancies between our data sources and what they
show about the process of perceiving climate change using two case study examples:
perceptions of spring temperature change by fruit tree growers in Mizhi and perceptions
of change in growing season rainfall by smallholders in Hongsipu.
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2.

Methods and Study Site

2.1 Loess Plateau
This study was conducted in three counties in the Loess Plateau region: Mizhi and
Yangling, in Shaanxi, and Hongsipu (a county-level municipality) in Ningxia (Figure 31). The Loess Plateau region of China is located at about 37 degrees north latitude in the
middle and upper reaches of the Yellow River, spanning an area of approximately
647,250 square kilometers and covering parts of five provinces. The climate is a typical
continental monsoonal climate, and the advance of the East Asian Monsoon (EAM) each
year causes the region to have distinctive wet and dry seasons (Ding and Chan, 2005).
Moving southeast to northwest, the Loess Plateau’s climate becomes increasingly arid.
The southeastern most section is subhumid and receives approximately 800 mm of annual
precipitation, while the northwest most section is arid and receives approximately140 mm
of annual precipitation. Nearly 70% of the annual precipitation falls between June and
September in the form of heavy storms, leaving many crops vulnerable to drought in the
early growing season (Li et al., 2012). Over the last 40 years the region has experienced
steadily rising temperatures, and has seen erratic, but slightly decreasing rainfall (Li et
al., 2012). Between 1970 and 2010, mean decadal temperatures increased by 0.6 °C per
decade and precipitation decreased by 5.1 mm per decade (Zhang et al., 2012). Drought
frequency and intensity also increased across much of the region (Zhang et al., 2013).
Agriculture in the Loess Plateau region has been identified as being highly
vulnerable to past climatic change (Wu et al., 2013), and is predicted to experience
continuing difficulties. Researchers have predicted increases in average annual
temperature, drought frequency, and soil erosion. Higher levels of precipitation are
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expected in the winter when it is less useful for agriculture and lower levels of
precipitation are expected in the summer when it is crucial. Moreover, runoffs from the
Yellow River are expected to decrease, causing water shortages that may be exacerbated
by population growth and urbanization (Li et al., 2011; Wang and Zhang, 2011).
In addition to a changing climate, wide ranging reforms to the agricultural sector and
rural China more broadly have transformed landscapes, agricultural practices, and
livelihoods over the past 30 years. In the remainder of this section we briefly discuss
several of the major changes that have shaped socio-natural assemblages in the Loess
Plateau region. In the early 1980s, decollectivization of agriculture provided individual
households with usufruct rights to plots of land for 30 years. Since the 1980s, the state
has also made changes to the hukou3 system, facilitating “temporary” migration of
peasants to urban areas for work (Fan, 2003). This migration and concurrent
socioeconomic changes have led to an estimated 230 million peasant workers migrating
for work (Fan, 2002; Ye et al., 2013). Heavy state investment in irrigation projects such
as canals, reservoirs, dams, and wells starting in 1949 has led to an increase in effective
irrigated area from 44.9 million ha in 1980 to 62.9 million ha in 2006 (FAO, 2011; Zhu et
al., 2013). In 2006, the agricultural tax that required farmers to pay taxes on grain
production was abolished by the Chinese central government, resulting in higher levels of
disposable income for many farm households (Veeck and Shui, 2011). The exemption of
the agricultural tax was related to broader efforts to formulate a “New Socialist
Countryside,” which in part sought to improve rural livelihoods and infrastructure,
including irrigation systems and roads (Day, 2013; Veeck and Shui, 2011). These
3

The hukou system identifies a person as a resident of a particular area, as well as if they are a rural or
urban resident. The system regulates population distribution and rural-to-urban migration.
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changes have led to significant shifts in the way that farm households practice
agriculture, including in the types of crops they grow. Attending these modifications were
also widespread changes in vegetation coverage.
In the Loess Plateau region, significant landscape changes have occurred since 2000.
As a response to the lower reaches of the Yellow River running dry for 267 days in 1997
and flooding of the Yangtze River in the following year, the Sloping Land Conversion
Program (SLCP) was implemented in 17 provinces (Yeh, 2013). The program was
designed to control soil erosion and improve vegetation coverage on the Loess Plateau
and elsewhere (Zhang et al., 2013). In northwest China, the program gave subsidies to

Fig. 3-1. Map of study area.
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farmers to convert farmland on highly erodible steep slopes (> 15 degrees) to forest or
grass land that is less erodible (Bennett, 2008; Li et al., 2011; Yeh, 2013). Program
participants were given grain, cash, and seedlings as subsidies to plant ‘economic forests’
(orchards) or ‘ecological forests’ (timber) (Yeh, 2013). A combination of climatic
warming, socioeconomic changes, and the SLCP has led to 431,639 ha of farmland being
converted to forest or grass land between 1980 and 2005 on the Loess Plateau (Zhang et
al., 2013).
Changes in Hongsipu deserve special attention. The municipality of Hongsipu was
created as part of the Hongsipu Development Zone Poverty Reduction Project by the
Chinese central government and is sited on a former artillery range. Approximately
200,000 people were resettled or in-migrated there beginning in 1998, primarily from
nearby villages that were relocated in order to construct a dam. Inhabitants were also
resettled from nearby mountainous areas where it was difficult to provide government
services and build irrigation infrastructure. Diversion of water from the Yellow River and
the development of a canal system carried out by the government has allowed for the
development of 27,000 ha of irrigated agricultural land (Li et al., 2013) in Hongsipu.
Households were given usufruct rights to small plots of land to farm, and farmers follow
irrigation schedules dictated by the Hongsipu City Water Resources Bureau. The
introduction of agricultural irrigation water and the SLCP has led to significant changes
in vegetative land cover in the region. The municipal area is still developing quickly, and
as many as 206,000 more migrants are expected to relocate to Hongsipu in the next five
to ten years (Xinhua News Agency, 2008).
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Across the Loess Plateau, but especially in the more arid northern half, state-based
agricultural development projects designed to decrease poverty, increase food security,
and deal with aridity led to widespread planting of maize beginning in the 1980s.
Climatically, maize’s growth patterns better coincide with local rainfall patterns than the
millet crops that it largely replaced. Further, the introduction of plastic mulching, which
enables residual soil moisture to be captured and prevents evaporation and attendant soil
desiccation, allowed maize to withstand early season water shortages and facilitated its
spread. Regional research institutions also played a role through the development of
drought-resistant hybrid seeds. Although agriculture in all three counties is still
dominated by maize, ongoing government initiatives are slowly causing a shift to various
types of fruit trees. In the mid-1990s and early 2000s in Yangling, collaboration between
the local government and Northwest Agriculture and Forestry University led to the
dissemination of kiwi trees as a means to increase farmer income in the area, replacing or
supplementing the typical winter wheat, maize rotation. Smallholders received subsidies
in the form of kiwi seedlings and the materials to install trellises in their fields. They also
received training from university-based extension specialists on kiwi production. The
introduction of the SLCP in Mizhi has introduced jujube, apricot, and other fruit tree
production amongst smallholders. In Hongsipu, agricultural development initiatives led
by the provincial government and enabled by the provision of irrigation water have
resulted in some smallholders planting goji as a replacement for or in addition to maize.
2.2 Data collection
Our study used a mixed-method approach that combined qualitative and quantitative
social science research with climate data analysis to comprehend how smallholders in the
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Loess Plateau region of China experience, perceive, and know climate change. Mixedmethods approaches are necessary for research that examines smallholder perceptions of,
and responses and vulnerability to, climate change in order to produce generalizable
results that can inform the development of formal adaptation policy sensitive to localized
social-ecological contexts (Birkenholtz, 2012, 2013).
Research for this study was conducted over two field seasons. In 2011, 38
unstructured and 28 semi-structured interviews were conducted in nine administrative
villages across six townships in three counties in the Loess Plateau region: Hongsipu,
Ningxia, and Mizhi and Yangling in Shaanxi. To represent a diversity of socioeconomic,
geographical, and agroecological positions in our sample, we included villages that
practice either rainfed or irrigated agriculture, grow different crops, and are located at
different distances from the local population center. Most interviews were conducted with
the smallholders while they were working on their farms, often with the researchers
assisting them with the completion of everyday tasks such as weeding, harvesting, and
irrigating. Interview questions were designed to elicit an understanding of general village
and farming life; smallholder perceptions of climate change and associated risk; major
sources of livelihood challenges and risks; the changes they have made to their farming
practices and livelihoods over the past 30 years; and their social and professional
networks. In contrast to survey methods, qualitative research enables participants to
explain their responses in detail, allowing for a fine-grained understanding of what
climate change means to them and how it is experienced in daily agricultural practice in
contingent ways (Yeh et al., 2013).
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In 2012, a household survey of 483 smallholders was completed to complement the
data collected with qualitative methods. The survey was conducted in the same three
counties as the interviews. To select villages, stratified random sampling was used. Eight
villages in each county were chosen, stratified by their distance to the county population
center to account for socioeconomic differences. Simple random sampling was used to
select 20 households from each village to survey. Survey questions were generated
iteratively, drawing on research findings from the interviews and theoretical insights
established in a literature review. The survey was designed to collect information about
the same topics as the interview questions and was performed face-to-face by trained
graduate student enumerators from Northwest Agriculture and Forestry University in
Yangling, Shaanxi. Quantitative survey methods allow for the collection of data from a
large number of participants and produce results that are generalizable and often
considered easy to incorporate into policy initiatives (Birkenholtz, 2012).
The climate data used in this study were retrieved from the China National
Meteorological Center. Weather station data from Mizhi, Yangling, and Wuzhong
Municipality, Ningxia, provided daily information for temperature (maximum, minimum,
and average); precipitation; and wind speed. Because no county weather station is located
in Hongsipu, data from the closest weather station in Wuzhong was used. Combining the
three data sources (i.e., qualitative interviews, a quantitative survey, weather stations)
allows for the measurement of both the frequency and intensity of the phenomenon under
consideration, as well as its experiential meaningfulness, and produces a depth of
understanding beyond what can be gained from a single method alone (Greene, 2007).
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The characteristics of farmers who participated in the qualitative interviews and
quantitative survey and their farming operations represent a wide range of crop
compositions, ratio of subsistence versus market orientations, irrigation types, off-farm
income opportunities, levels of market access, and ages. Additionally, the villages are
located in three distinct climatic regions, receiving annual rainfall levels from 200 in
Hongsipu to 600 mm per year in Yangling. Thus, several different social-ecological
conditions are present within our study sites, which allows for a rich understanding of
how contingent processes affect smallholder observations and experiences of climate
change.
2.3 Understanding divergence
across methods
Our study explicitly interrogates the contradictions in the data sets produced by the
quantitative and qualitative methods and the climate record. This approach to data
analysis is termed triangulation for divergence (Nightingale, 2009), and recognizes that
all forms of knowledge are partial and situated (Haraway, 1991). Because each method
used represents a different epistemological standpoint (Warshawsky, 2014), or way of
knowing, that is partial, each data set reveals a different understanding of climate change.
In triangulation for divergence, “dissonance, gaps, and silences” between data sets
generate new data to be analyzed (Nightingale, 2009) and present empirical puzzles
(Greene, 2007) that can deepen our understanding of human-environment interactions,
such as how climate change is experienced and perceived by smallholders. This approach
recognizes that categories of analysis, such as climate, are not “ontological givens”
(Warshawsky, 2014), and that through concurrent analysis of multiple data sets arising
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from different epistemic traditions, a richer understanding of the differences and
similarities between smallholder and scientific conceptualizations of climate can be
achieved (Robbins, 2003). Several geographers have used a mixed-methods approach to
interrogate the partiality of knowledge about social-ecological or other processes, or to
understand how environmental knowledge is produced and shaped (e.g., Ahlborg and
Nightingale, 2012; Nightingale, 2003; Rocheleau, 1995; Robbins, 2003; Warshawsky,
2014). Similar to Robbins (2003), our goal is not to “reconcile the divergent accounts” of
climate change produced by the quantitative work, qualitative work, and climate record,
but instead we use them to investigate the processes through which smallholder
perceptions of climate change are produced. To do this, we draw on assemblage theory to
describe the forces that constitute smallholder perceptions of climate change.
2.4 Socio-natural assemblages
and dwelling
In this paper, we use aspects of assemblage theory to describe how smallholder
perceptions of climate change are shaped through their participation in dynamic,
networked socio-natural assemblages. The term socio-natural describes the hybrid
character of landscapes, recognizing that they are “part natural and part social”
(Swyngedouw, 2003) and emerge from an interacting set of historical and geographical
relations and processes. We use assemblage as shorthand for a set of closely related ideas,
including Actor Network Theory (ANT) (Latour, 2005), Deleuzian philosophy (Harrison
and Popke, 2011), and Haraway’s companion species (Robbins and Marks, 2010) that
incorporate relational thinking about process and formation and ways that humans and
nonhumans are entangled in constituting “the social.” While these theoretical positions
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are distinct, they have in common their attention to the question of how things have been
put together, or assembled, in socio-natural configurations (Harrison and Popke, 2011;
McFarlane and Anderson, 2011). They also emphasize emergence and the dynamic and
continual mutual (re)constitution people, material objects, plants, discourse, and other
actors bring about in one another to form knowledge, subjective experience, landscapes,
and other “social” things (McFarlane and Anderson, 2011; Robbins, 2013).
By adopting assemblage thinking, researchers are provisioned with not only a
theoretical orientation but also a method that can be used to trace the coming together of
the diverse elements that constitute a socio-natural assemblage, while focusing their
attention on the relational nature of human and nonhuman actors and how alignments
between them structure human perceptions and experiences (Hitchings, 2003; Holifield,
2009; Latour, 2005). ANT and other forms of assemblage thinking have been used to
understand how scientific knowledge is produced through interacting networks of bodies,
institutions, practices, and things (Goldman et al., 2011). For example, it has recently
been used to uncover how the knowledge and decisions of natural resource-dependent
people such as farmers are constituted through relational processes (Feldman et al., 2006;
Gray and Gibson, 2013). Focusing on relational practices of gardening, others have used
assemblage thinking to demonstrate how gardens and gardeners collaborate with each
other in the production of a garden space, as well as how the two interact to order how
people understand and engage with their gardens (Hitchings, 2003; Power, 2005).
In this paper, we use assemblage as a data analysis method through which the
disparities between the climate record and smallholder perceptions of climate change can
be examined, described, and understood. Many ANT accounts provide a comprehensive
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account of the connections between each entity in a network (McFarlane and Anderson,
2011). It is not our intent to do this. Instead, we trace how a few entities are linked to
constitute smallholder perceptions of climate change. To do so, we draw on Ingold’s
(2000) dwelling perspective. He argues that environmental perception must be “studied
within the ecological contexts of people’s interrelations with their environments” (page
171). For Ingold, people are immersed in a continually unfolding landscape and the
perceived environment comes into being as its constituents take on differing levels of
significance through their incorporation into regular patterns of daily activity. Through
practice, a person is given their bearings in the world, and through hands-on engagement
in daily tasks an individual is differentially attuned to notice and respond to salient
aspects of the environment. This way of understanding perception fits well with
assemblage thinking because it is a similarly relational concept. Combining these two
approaches enables us to investigate not only how socio-natural assemblages unfold, but
also how smallholder perceptions of climate change are constituted through (shifting)
associations of agricultural and other forms of daily practice within them.
3.

Results and Discussion

3.1 Perceptions of spring temperature
in Mizhi
In this section, we first report the results from analyzing weather station data, the
qualitative interview results, and the quantitative survey results about changes in the
number of days with frost (< 0 °C) in the spring and changes in spring temperature in
Mizhi. We then identify contradictions between the three sets of results and discuss how
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dwelling within a changing socio-natural assemblage shapes smallholder observations
and experiences of climate change.
By analyzing weather station data, we were able to construct trend lines of spring
temperature and number of frost days over a 50-year period. Specifically, Figure 3-2
shows that spring temperature (March through April) in Mizhi increased by about 1 °C
since 1970. Figure 3-3 shows average spring temperature anomalies from the 30-year
average, also indicating an upward trend in average spring temperature. In addition, it
shows both 2010 and 2011 were between 1 °C and 1.5 °C colder than the 30-year
average. Figure 3-4 indicates the number of days with frost, defined as a day when the
temperature fell below 0 °C, had remained about the same on average over the same time
period.
In the qualitative interviews, we spoke to 29 farmers in Mizhi about the changes they
had observed and/or experienced in the climate over the past 30 years. Among them, 18
farmers (62%) indicated that spring had become colder, and 11 farmers (38%) claimed
that there were more frost days now than in the past. In the quantitative survey, we asked
farmers the same question. Seventy percent of respondents in Mizhi stated that spring
temperature had increased and 44% stated that days with frost in the spring had increased
(Table 3-1). Thus, the question becomes why there is a discrepancy in results between the
three data collection methods. And in particular, why did interviewees and survey
respondents have different perceptions of spring temperature, and why both interviewees
and survey respondents reported an increase in the number of frost days, contrary to what
the weather station data suggested. The answers in part seem to lie in the differences
between the types of crops grown across study participants. Of the 29 farmers we
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interviewed in Mizhi, 14 (48%) grew only fruit trees, including apple, pear, apricot, or
jujube. Of these, all but one (93%) noted that spring had grown colder and 11 (79%)
noted that the number of frost days had increased. In contrast, of the 162 farmers who
responded to our survey in Mizhi, 3%4 grew some kind of fruit tree. Although they noted
similar trend in spring temperature and number of frost days as their fellow fruit tree
growers from our interviews, their observations were subsumed by what the non-fruit tree
growers, 97% of all respondents, had observed and experienced.

Fig. 3-2. Average spring temperature trends between 1954 and 2011.

4

The discrepancy arose because our interview data collection was limited by budget restrictions. Smallholders close to
Mizhi center participate in the SLCP, while those who live farther away do not. Budget limitations in the first year of
data collection meant most interviewed villages were close to Mizhi center. This was not the case in the second year of
data collection when the survey data was collected.
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Fig. 3-3. Spring mean temperature anomalies between 1954 and 2011.

The interview results pertaining to what farmers told us about climatic changes in the
spring may provide further insights into the different perceptions of changes in spring
temperature and number of frost days between fruit tree growers and non-fruit tree
growers. Two primary themes related to changes in spring temperature emerged from our
qualitative interviews and were only related to us by farmers who grew fruit trees. The
first was that while winter and summer temperatures have become higher, spring has
become colder and the number of days with frost has increased. A man who planted
apricot and pear trees on slope land described how the climate in the spring has changed
over the last 30 years: “The flowers for apricots and pears are coming too early because it
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[winter] is getting warmer. But then the temperature [in the spring] will get really cold
and the flowers will die, so the trees cannot produce fruit.” Another farmer with 300
jujube trees echoed these observations, stating “dao chunhan (cold spells during spring)
have become more frequent. It happens much more now than it did before.” And a jujube
farmer who started planting trees in 2005 told us “the temperature is inconsistent now, so
the temperature of the soil is very low and my plants cannot grow. This is because the
spring has become too long and cold…there is more frost [now] in the mornings in the
spring and it destroys my crops.” Observations similar to these were common across the
interviews with fruit tree farmers in Mizhi.

Fig. 3-4. Trends in number of days with frost in the spring between 1954 and 2011.
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The second theme related to climatic shifts in the spring was that the dates in the
traditional agricultural calendar, the 24-solar terms, are changing. In particular,
smallholders told us that Yushui (coming of rain) was later now and Jingzhe (insect
awakening) was earlier. Yushui is the second solar term, starting when the sun is exactly
at the celestial longitude of 330°. In the western calendar, it traditionally lasts from midFebruary to early March. Yushui marks the date that rains are expected to begin and is
important to farmers because they need to closely monitor their plots to make sure the
soil is neither too dry nor too wet. Jingzhe is the third solar term, starting when the sun is
exactly at the celestial longitude of 345°. In the western calendar, it traditionally lasts
from early to late March. Jingzhe marks the time when hibernating insects become active
again, indicating the weather is getting warmer. Jingzhe is important to farmers because it
marks the beginning of a new farming season. During this two-week period, fields are
plowed and prepared; some cold-resistant crop seedlings (e.g., sweet potato) are selected
and planted; and, fertilizers need to be applied (Cooper, 2000). Our interviewees’
perceptions of the earlier arrival of Jingzhe seem to suggest that winter is getting warmer
and spring is arriving earlier.
As mentioned earlier, these two themes about changes in spring temperature were
only related to us by fruit tree growers in the interviews. As there was a pronounced
decrease in spring temperature and a rise in the number of frost days in 2010 and 2011 in
Mizhi (as shown in Figure 3-3), there is likely some degree of recency bias exhibited in
the responses smallholders gave about spring temperature. But why would fruit tree
growers display recency bias with respect to spring temperature while many of the nonfruit tree growers in our study do not? The answer seems to be that different associations
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of agricultural practice render certain short-term weather pattern changes and/or longterm climatic changes visible to some farmers but not to others. To further illustrate this
point, we next examine how smallholder perceptions of climate change in Mizhi are
entangled in shifting cropping practices and the changes in the timing and type of labor
practices they entail.
3.2 Entangled climate change
perception: development, maize,
and fruit trees
Cropping patterns in Mizhi, and the Loess Plateau region more broadly, have largely
been determined through complex interactions between soil, climate, crop ecology, and
state-based agricultural development. Ogden (2011) discussed the role that state-led
development initiatives play in reconfiguring socio-natural assemblages in terms of their
“overcoding” extant associations of humans and nonhumans and constraining their
interactions. For our purposes, we are interested in the way that overcoding reorders
relationships between smallholders and their crops, primarily through changing the
timing and type of labor that is undertaken, and directs smallholders’ attention towards
particular aspects of crop-climate interactions.
Currently, the dominant crop in Mizhi is maize. While maize has been planted in the
Loess Plateau region for 300-400 years, its planting in Mizhi and the more arid northern
half of the Loess Plateau began in the 1980s and became particularly prevalent in the
1990s (Li Jun, personal communication). Maize has remained the dominant crop in much
of the region because it fits well with the ways that smallholders structure their
livelihoods and attendant labor patterns. In Mizhi maize is typically planted in March but
does not requires a lot of care and attention from smallholders. As one interviewee told
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us, “Because it takes so little time you can go out [and do local wage labor] and earn
money, usually 60-70 Yuan per day.” Many maize growers explained that once their
maize was planted, they paid little attention to it other than occasionally weeding their
plots. This is particularly true in rainfed areas where smallholders do not have to dedicate
time to irrigating their crops, thus spending even less time in the field. This was well
illustrated by a maize grower in Mizhi who explained, “I just plant my crops and leave it
to the gods to determine what happens.”
This maize-dominated agricultural landscape in Mizhi, and the Loess Plateau region
more broadly, started to change in early 2000 as a result of a government-sponsored
vegetation restoration program. In 2001, the SLCP was implemented in Mizhi. Farmers
were provided with apricot tree seedlings to plant on their slope land, and were paid 160
Yuan per year for eight years for each mu of land they converted to an ‘economic forest.’
Other local initiatives involved encouraging the spread of jujube trees because of their
drought tolerance and potential to generate higher household income from selling jujube
fruit. While many of the smallholders who plant fruit trees still plant maize, the
introduction of various fruit trees has enrolled smallholders in new labor practices and
shifted the timing of when they attend to their crops. More specifically, while the fruit
trees are perennial, spring is a critical time for fruit trees because if they do not flower or
their flowers are damaged they will not produce a crop later in the season. Thus, their
phenology and the importance of successful flowering to smallholder livelihoods draws
their attention to how fruit trees interact with the climate in very different ways than does
maize. To illustrate, one woman who planted apricots on slope land explained that “frost
in the spring really damages the trees. When the frosts are really bad it reduces
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production by half because when the flowers freeze they die and fall off and the fruit
cannot develop.” Indeed, several smallholders we interviewed were so concerned about
the impacts of frost on their trees that they had begun to light small brush fires in their
orchards to keep the trees warm during frost periods. The process was described as
follows:
“I can do things to prevent [damage from] frost. After we harvest wheat
we use straw to line the fields and burn it slowly to get smoke and have it
warm the trees. We do this from 11 PM to 2 AM. This method works well.
The frosts only last three to five days and then it gets warm again. Once
the flowers bloom, we do not need to do this anymore.”
The comparison between maize and fruit tree growers demonstrates that the process
of enrolling farmers in new labor practices is critical to the understanding of how
different associations of agricultural practice within socio-natural assemblages shape
perceptions of climate change. Through enrollment, an actor such as a fruit tree enlists
the interests and actions of the smallholders so that the tree’s own desired outcomes
maybe achieved, in this case fruiting. The process also works in reverse, with the
smallholder enrolling fruit trees into their livelihoods, offering care in return for fruit and
profits. The phenological attributes of the trees and their articulation with spring weather
enroll smallholders in labor practices that draw their attention to the trees in a particular
way at a particular time through what Power (2005) called “relations of care.” Through
these labor practices perceptions of how the climate is changing are shaped. Once the
danger of frost has past, climatic risk is severely dampened and smallholders no longer
scrutinize their trees in the same way. Their attentions are turned elsewhere, for example
to wage labor. As Geoghagen and Leyson (2012) have observed in England, climate is
made knowable to smallholders in Mizhi through relational processes of labor. Here, we
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show that shifting socio-natural assemblages and the alliances between actors within
them (i.e., the movement from maize to trees) open up spaces through which labor
practices are formed and mediate how climate is known. Indeed, one apricot grower in
Mizhi was himself aware of how the introduction of a new crop and the subsequent
reordering of his focus towards its flowering patterns may have influenced his
perceptions of the climate: “Since I have started planting [apricot] trees, I have noticed
more frost and cold spells in February and March. But they did not matter to me before,
so I am not sure if they are changing.”
3.3 Perceptions of growing season
precipitation in Hongsipu
A second and less drawn out example from Hongsipu demonstrates how smallholder
perceptions of climate change are constituted through associations of practice other than
those centered on crop-labor interactions. In the quantitative survey, we asked
smallholders if precipitation in the growing season had changed over the last 30 years. In
Mizhi 81% of smallholders told us that rainfall in the growing season had decreased over
the last 30 years, in Hongsipu 64% told us that it had increased, while in Yangling, 38%
perceived an increase, 34% perceived no change, and 28% perceived a decrease (Table 31). Figures 3-5 and 3-6 show that a decline in precipitation in fact has occurred at all
three study sites. Given the disparity between the decreasing precipitation trend in the
climate record in Hongsipu and the perception of the majority of smallholders that it is
increasing, the question again becomes why this incongruence was present in Hongsipu,
while its presence less strong in Yangling and not at all present in Mizhi.

Table 3-1.
Survey respondents’ perceptions of changes in the climate over the past 30 years
Yangling
(n=160)

Mizhi
(n=162)

Hongsibu
(n=161)

Change in climate
Increased No change Decreased Increased No change Decreased Increased No change Decreased
Annual rainfall
35
34
31
06
13
81
65
15
20
Rainy season length
33
36
31
07
14
80
59
22
19
Amount of rain in rainy season
38
34
29
08
11
81
64
16
20
Frequency of intense rainfall events
25
48
28
01
16
83
29
48
24
Intensity of intense rainfall
28
51
21
03
14
83
29
49
22
Average annual temperature
53
37
10
77
11
12
59
29
12
Temperature in spring
39
44
17
70
13
17
39
46
15
Temperature in summer
48
41
11
76
12
12
58
30
12
Temperature in winter
50
36
13
71
14
15
35
48
17
Days with frost in spring
12
52
36
44
27
29
24
56
19
Morning afternoon temperature differential
49
44
07
86
13
01
33
60
07
Drought frequency
37
44
19
85
11
04
32
20
48
Sand storm frequency
13
78
09
35
53
12
24
10
66
Change in climate
Arrival of spring
Onset of rainy season
Change in climate
Predictability of precipitation
Predictability of temperature
Predictability of drought

Earlier
33
14

No change
40
54

Later
28
32

Earlier
17
13

No change
44
46

Later
38
41

Earlier
33
23

No change
54
63

Later
13
14

Less
49
40
36

No change
42
51
50

More
08
08
13

Less
51
48
50

No change
33
33
34

More
17
18
16

Less
15
14
16

No change
45
46
46

More
40
40
39

76
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The simplest answer to the question is attributable to the presence of irrigation water
for crop production. A chi-square test run on the survey data from all three counties
shows that a smallholders’ perception of change in rainfall in the growing season is not
independent of the presence of irrigation on their farm (χ2= 62.2, p=0.001). Because
irrigation access is differentially distributed across each of the three counties, its
influence on perceived change in rainfall becomes apparent. Seventy nine percent of
smallholder households in Yangling have irrigated land, 41% in Mizhi do, and in
Hongsipu, 100% of the smallholders we spoke to have irrigated land. For obvious
reasons, rainfall levels become less important when one has a reliable source of irrigation
water to mitigate the impacts of decreased rainfall on their crops. Thus, it is possible that
farmers with irrigated land paid less attention to rainfall levels because it was less
important to ensuring crop production and the maintenance of their livelihoods.
Indeed, a common theme that arose in our analysis of the interviews with
smallholders with irrigated land was well expressed by a woman who grew maize and
fruit trees in Mizhi: “Even when there is not enough rainfall it does not influence my
farming because there is enough [irrigation] water.” But the presence of irrigation alone
does not explain why so many respondents in Hongsipu had observed increased rainfall
in the growing season, or why smallholders with irrigated land in Mizhi differed from
those in Hongsipu and perceived a decrease in rainfall corresponding to what the climate
record shows.
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Fig. 3-5. Trends in growing season precipitation between 1954 and 2011.
3.4 Entangled climate change perception:
sandstorms, wind, irrigation water, and
vegetation cover
In Hongsipu, two primary themes related to changes in growing season rainfall
emerged from our analysis of the interviews. Both suggest that smallholders’
observations of increased rainfall are linked to the introduction of irrigation water for
crop production, coupled with increased vegetation cover and its effect on reducing the
frequency and intensity of sandstorms in the area. Further, the interview data demonstrate
that smallholders in Hongsipu come to perceive changes in rainfall holistically. Here, as
we will demonstrate, smallholder perceptions of rainfall levels are mediated through not
only the presence of irrigation water and increased vegetation cover, but also through
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Fig. 3-6. Growing season mean precipitation anomalies between 1954 and 2011.

perceived changes in other climatic variables, such as wind. As previously discussed,
64% of survey respondents in Hongsipu told us that growing season rainfall had
increased. A similar perception was shared among the smallholders we interviewed.
More specifically, 57% of the 16 interviewees told us that rainfall levels in the growing
season had increased. When we asked them how they knew the climate is changing and
there is more rain now than before, a common refrain was that there are now fewer
sandstorms and that it is less windy. As one woman who grows grapes and goji told us,
“The climate is getting better than before. There is more rain now…and the wind does
not blow the sand around. It has made farming easier. It is easier to keep my crops alive.”
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Similar to in Mizhi, the crops people grow cause them to focus their attention on cropclimate interactions in a particular way at a particular time important to their ability to
make a profit from harvesting the crops, with perceptions of climatic changes emerging
from these interactions. For example, a common story told by smallholders in Hongipu
was that sandstorms used to be so intense that they would destroy maize by shredding the
leaves, but that this no longer happens. As a 70-year old maize grower explained, “10-15
years ago there was sand everywhere because of the wind, but now it is not windy and
there is more rain so there is less sand all over the place…Because there is less wind the
sand does not blow around as much, there is less damage to my crops.”
A second common refrain related to rainfall, sandstorms, and wind points towards an
association of practice outside of crop-climate interactions that affected smallholder
perceptions of climate change. When asked how they knew rainfall levels are increasing,
several farmers told us similar stories about knowing that there was more rain than before
because it was less windy now, and that there was less sand on the table they eat at during
meals as a result. As one woman explained, “15-20 years ago it was really windy here.
When we were eating, the table would be covered in sand by the time we finished and
sometimes we could not eat the food [because it was covered in sand]. Now it is not like
this.” This common refrain suggests that perceptions of how the climate is changing are
mediated through an association of practice other than crop-labor relations: eating and the
material objects that are involved in the act, such as sand and tables. The recently absent
sand was salient as it had been a regular part of smallholders’ day-to-day lives, and
alerted them to broader changes in the landscape and climate.
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While a majority of the smallholders we spoke to claimed that it was a combination
of a reduction in wind and an increase in rainfall that led to less sandstorms, it seems
likely that increased vegetation cover from the implementation of the SLCP also caused
the reduction in perceived sandstorm frequency and intensity. Figure 3-7 shows that there
was a slight decrease in average wind speed in Hongsipu over the last 30 years, lending
evidence to the fact that any reduction in sandstorm frequency or intensity had as much to
do with increased vegetation cover as it did with being less windy. Thus, similar to the
landscape transformations resulted from state-led development plans and their influence
on perceptions of climate change in Mizhi, Hongsipu also has experienced a significant
level of recent “overcoding” that seems to be influencing smallholder perceptions of
climate change.
As noted in section 2.1, the current population in Hongsipu was relocated there
beginning in 1998, often from marginal agricultural areas. The government has set up a
canal system to deliver irrigation water to each village from the Yellow River, nearly 50
km away. Additionally, the SLCP began in 2001 and was coupled with the banning of
grazing to combat soil erosion. As opposed to the ‘economic forests’ planted for the
SLCP in Mizhi, the restoration efforts in Hongsipu created ‘ecological forests’ that
provided no additional economic incentives to participants other than the annual subsidy.
Normalized Difference Vegetation Index (NDVI) data, which measure vegetation
coverage using a scale of -1 to 1 with a higher number representing higher coverage,
show that average NDVI for the area increased by 0.017 between 1982 and 1998; 0.055
between 1999 and 2012; and 0.072 over the entire 31-year period (Zhang et al., 2013).
Much of this vegetation increase is concentrated along the canals that deliver irrigation
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water to smallholders’ fields. The increased vegetation has likely reduced the number of
sandstorms in the region by anchoring the soil and reducing soil erosion.
In summary, the qualitative interviews in Hongsipu suggest that smallholder
observations of increased rainfall are linked to the introduction of irrigation water for
crop production, coupled with increased vegetation cover and its effect on reducing the
frequency and intensity of sandstorms in the area. These interviews also make it clear that
smallholder perceptions of climate change were not only entangled in daily interactions
with crops and their articulation with rainfall and wind, but also entangled in other forms
of daily practice such as eating and the material objects that are involved in the act. This
highlights that smallholder epistemologies of climate change are inclusive of multiple
climatic variables and their interactions, and are likely more holistic than scientific ways
of knowing climate change, which often focus on individual variables and statistical
aggregates of change (Geoghegan and Leyson, 2012).

4.

Conclusion
This paper used assemblage theory and Ingold’s dwelling perspective to

investigate the processes through which climate change over the past 30 years is rendered
visible to smallholder farmers in the Loess Plateau region of China. We argued that this
approach provides a mechanism to understand how multiple social-ecological changes
influence smallholder perceptions of how the climate is changing. Within these spaces of
change, opportunities to interrogate how smallholders make sense of perceived climate
change are opened. Critically, this approach allowed us to demonstrate how smallholder
perceptions of climate change are entangled in human and nonhuman worlds, and
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Fig. 3-7. Trends in average wind speed between 1954 and 2011.
allowed for material objects such as crops, tables, and sand to emerge as important actors
in constituting perceptions of change. Further, we demonstrated that observations of local
climate change are enmeshed in both local and extra-local processes of assemblage that
shape landscapes, as well as the daily interactions that smallholders engage in with
material objects. In the Loess Plateau region of China, state-led agricultural development
and ecological restoration efforts make claims on local socio-natural assemblages to
alleviate poverty, prevent downstream flooding, and provide food security through
promoting drought-resistant crops, shaping the ways climate change is seen by
smallholders. Specifically, smallholder observations of climate change are mediated
through everyday interactions with these shifting assemblages. Because these landscapes
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are dynamic and emergent, our research demonstrated that smallholder perceptions of
climate change are continually renewed, either through the perpetuation of or changes in
associations of practice within socio-natural assemblages.
These findings have important implications for the ways that research on local
perceptions of climate change should be conducted. As noted previously, scholars have
called attention to the need for new research paradigms that are able to accommodate the
multiple and ongoing social-ecological changes other than climate that mediate natural
resource dependent individuals’ perceptions of how the climate is changing. This paper
demonstrated one methodological approach through which this can be achieved, as well
as highlighting the veracity of this claim. Further, it opens up several questions about
how to best communicate with smallholders about how the climate is changing and the
risks associated with it, as well as how to best incorporate their observations of climate
change into formal adaptation planning. The data mismatches seen in our study suggest
that smallholders conceptualize climate in a more holistic way than does climate science.
For them, climate is a “hybrid,” comprised of both human and nonhuman entities and
cannot be separated from the socio-natural assemblages in which they dwell.
Smallholders seem to derive their knowing of climate change through their observations
of signals from ecology and to inductively experience shifts in climate. In contrast,
climate science operates in a top-down manner, decontextualizing biophysical climatic
variables from the larger landscape in which they occur. Thus, the epistemic construct of
climate is fundamentally different across each way of knowing. To enhance our
understanding of what climate change means to natural resource-dependent communities
and of broader climate-society interactions, it is important to recognize the role of
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shifting socio-natural assemblages and changes in associations of practice within these
assemblages in structuring resource users’ perceptions of climate change. It is also
important to understand how smallholders’ more holistic form of knowledge can be
combined with climate science to develop potential solutions to problems caused by
climate change.
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CHAPTER 4
THE HUMAN DIMENSIONS OF WATER SAVING IRRIGATION: LESSONS
LEARNED FROM CHINESE SMALLHOLDER FARMERS5
Abstract
Water saving irrigation (WSI) is promoted as a strategy to mitigate future water
stresses by the Chinese government and irrigation scientists. However, the dissemination
of WSI in China has been slow and little is understood with respect to why farmers adopt
WSI or how WSI interacts with the social and environmental contexts in which it is
embedded. By analyzing qualitative data from 37 semi-structured and 56 unstructured
interviews across 13 villages in northwest China, this paper examines smallholder
farmers’ knowledge and perceptions of WSI, and how WSI interacts with farmer
livelihood decision making and extant systems of land and water management. The
results show that smallholders’ willingness to adopt and continuously use WSI was
dampened by (1) a lack of communal capital and measures for conflict resolution, (2) a
disconnect between the temporal demand of practicing WSI and the ways farmers
prioritize different livelihood strategies, (3) misconceptions about WSI systems and how
they work, (4) market risks, and 5) landownership structure and economies of scale.
These results suggest that programs for promoting WSI must be holistic in nature and
address smallholders’ day-to-day problems. Understanding why WSI did not succeed in
some places will help formulate policy interventions that avoid reproducing conflicts,
risks, and technological malfunctions responsible for previous failure.

5
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92
Introduction
Water scarcity relative to human use has been acknowledged as one of the major
problems facing humanity in the 21st century. The crystallization of the nexus concept
has called attention to the interdependencies between energy, water, food, climate, and
human well-being (Ringler et al. 2013). As such, it has been recognized that water is
integral to maintaining food security, livelihoods, public health, environmental quality,
energy production, and social well-being (Agnew and Woodhouse 2011). For these
reasons, water scarcity in China is of particular concern to many researchers and water
policy analysts (Deng et al. 2006; Webber et al. 2008; Wong 2010).
In 2009, water availability in China was 1,785 m3 per capita, i.e., 25% of the world
average. This number does not reflect regional differences. In 2003, estimated water
availability in northern China was 757 m3 per capita, significantly below the
internationally accepted threshold that defines water scarcity as occurring at 1,000 m3 per
capita. In contrast, estimated water availability in southern China was 3,208 m3 (National
Bureau of Statistics of China 2010a).
Irrigation water for food production is vital to meeting food demands and
maintaining agricultural livelihoods in China. Irrigated land accounts for about 80% of
food production and 62% of total water use nationally (Yang et al. 2003; National Bureau
of Statistics of China 2010b). Similar to global trends, China’s agricultural water supply
is threatened by increased demands from the urban and industrial sectors; increased
consumer demands for water intensive foods, including meat; population growth;
degradation and pollution; and climate change (Postel 2000; Wang et al. 2000; Webber et
al. 2008; Rosengrant et al. 2009; De Fraiture and Wichelns 2010; Strzepek and Boehlert
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2010; Xiong et al. 2010; Cheng and Hu 2012; Wang et al. 2012). Given this increased
competition, it will be a challenge for China to continue to support agricultural
production and maintain food security and agricultural livelihoods (Lohmar et al. 2003).
While irrigated agriculture is important to human well-being, its high withdrawal
rates and frequently low level of efficiency often make it a target for “solving” water
scarcity problems. For example, irrigation practices used by Chinese farmers often apply
one to two times the water requirements of crops (Lin and Zhao 1999), and agriculture in
general has an average irrigation water use efficiency of 0.47, slightly over half the rate
in developed countries (Ministry of Water Resources of China 2007; Cheng and Hu
2012; Zhu et al. 2013). Both globally and in China, these inefficiencies have led scholars
and policy experts to argue that water scarcity may be addressed by reducing the amount
of water delivered to agriculture (e.g., Postel 2000). This discourse often emphasizes
modernizing irrigation systems through technological change, with small-scale water
saving irrigation (WSI) technologies such as drip irrigation (DI) or sprinkler irrigation
(SI) taking a leading role in proposed solutions (Van der Kooij et al. 2013). DI uses a
series of tubes through which water is emitted at regular intervals to apply water directly
to the root zone of plants, increasing distribution uniformity. Fertilizer is often mixed
with the water, and DI often increases yields and reduces labor compared to conventional
systems. SI sprays water from sprinklers set up at regular intervals across a field’s
surface, improving the speed and efficiency with which crops are watered, as well as the
distribution uniformity of the applied water.
In the case of China, WSI can be broadly categorized into two types: 1) householdbased technologies (HBT) that are highly divisible, have low fixed costs, and necessitate
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little to no collective action, such as plastic mulching and conservation tillage; and 2)
community-based technologies that have high fixed costs and often require collective
action for implementation and operation, such as drip irrigation (DI) and lined canals
(Wang et al. 2009). Those who support such technological solutions trumpet their
economic development potential (Postel et al. 2001; Burney and Naylor 2012) and their
ability to adapt agriculture to climate change (e.g., Zou et al. 2012), in addition to their
water saving capabilities6.
In the 2011 Central No. 1 Document, the Chinese government laid out a plan to
invest four trillion yuan ($600 billion) in rural water resource projects over the next 10
years to improve water infrastructure and water quality. This document also proposed
several measures to assist with reaching identified water management goals, including
improving irrigation efficiency through WSI (Yu 2011). In addition, China’s National
Plan for Coping with Climate Change identified WSI as a solution to mitigate future
water scarcity problems (Information Office of the State Council of China 2008). Recent
research by Zou et al. (2012) showed that between 2007 and 2009 China saved 61.81129.66 billion m3 of water with the use of WSI. The authors argued that WSI can save
significantly more water than it already has, and can contribute to adapting to climate
change and its accompanying predictions of increased water scarcity and drought. Yet
some scholars have cautioned against an uncritical emphasis on irrigation projects as
solutions to water scarcity and climate change because of their technocratic focus and
frequently documented unintended consequences and failure (e.g., Nation 2010). For
example, studies done in Africa have found introducing irrigation or changes in irrigation
6

Note that it has been questioned whether these technologies create actual water savings (Lankford 2012).
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technologies led to men asserting claims to land previously managed by women (Carney
1998; Nation 2010). And research analyzing the success of a drip irrigation project in
Kenya found that 78% of farmers had abandoned the system within two years of its
introduction (Kulecho and Weatherhead 2005).
Within China, the adoption of WSI among farmers has been slow, particularly when
communal sharing or organization is required (Yang et al. 2003; Blanke et al. 2007).
Relatively little is known about why Chinese farmers choose to adopt or not adopt WSI
technologies or how WSI interacts with the social, political, economic, and technological
contexts in which it has been or will be embedded. If adoption is to proceed apace
without creating unintended consequences, conflicts, and vulnerabilities, more needs to
be learned about how WSI technologies interact with extant systems of land and water
management, farmer livelihoods and agricultural decision making, and localized social,
political, and economic conditions.
In this paper we focus on the human dimensions of WSI adoption and use in
northwest China, including how WSI interacts with formal and informal social
institutions, market access, and livelihood decision-making. We address two specific
research questions: (1) What factors affect the decisions of smallholder farmers to adopt
WSI technologies and enable them to be used successfully? And (2) What are the social
impacts of implementing WSI, with a particular focus on how WSI intersects with current
agricultural production practices and livelihood strategies? Drawing on scholarship
investigating the social impacts of irrigation projects in the Global South, we offer a
preliminary analysis of the outcomes of implementing WSI in two Gansu villages. More
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generally, we present a discussion of farmer perceptions of WSI technologies in the
Loess Plateau region of northwest China.
Human dimensions of irrigation
technologies
Most research investigating WSI technologies and advocating for their use belongs
to a technology-centered epistemic culture that assumes technologies will perform
similarly across the different sites where they are adopted. This thinking leads to
comparisons across locations in terms of what is right or wrong with the engineered
system, while ignoring how new technologies interact with the set of social norms, rules,
rights, and procedures through which water delivery is achieved and reproduced (Boelens
2009; Boelens and Vos 2012). Further, it fails to recognize how new technologies may
complement or contradict the social processes on which many communities are built
(Mustafa and Qazi 2007). And yet, as Harris has argued (2008), failure to consider issues
such as men’s and women’s relative social status and work burdens, the local social
relations of production, and gendered divisions of labor risks ignoring the variable effects
that changes in irrigation practices may have on particular populations, thus
marginalizing them and putting the long-term sustainability of irrigation projects at risk.
Existing studies that have examined the human dimensions of smallholder use of
WSI have focused on DI and looked at the factors that determine adoption of these
technologies, with several recent studies investigating the determinants of their success or
failure. In their review of the literature on the successful adoption of DI by smallholders
in Asia and Africa, Burney and Naylor (2012) found that successful introductions have
the following in common: reliable access to and efficient delivery of water; technical
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success where excessive emitter clogging is avoided; and the adoption of high value
market crops that provide good returns on investment and allow multiple markets to be
accessed. Studies conducted in Africa and Asia showed that many smallholders have
discontinued use of DI because of technical problems with the system, including
blockage and system wear (Haile et al. 2003; Moyo et al. 2006; Friedlander et al. 2013).
Lack of access to spare parts to fix the system is also cited as impeding success (Kulecho
and Weatherhead 2005; Moyo et al. 2006). Lack of technical assistance and marketing
support have also inhibited successful WSI adoption (Kulecho and Weatherhead 2006;
Moyo et al. 2006; Belder et al. 2007). Urban, peri-urban, and wealthier farmers show
higher rates of successful adoption because of their proximity to technical support,
generally higher economic status, better access to credit, and higher levels of education
(Namara et al. 2007; Woltering et al. 2011). In contrast, subsistence farmers have been
less successful at adoption than commercial farmers because they are less able to absorb
risk and are less willing to try new technologies for a long period of time (Kulecho and
Weatherhead 2005; Belder et al. 2007). Specific to north China, Pedersen et al. (2013)
found that the low cost of hiring labor to help with on farm tasks, coupled with low water
prices and no volumetric restrictions on demand, provided farmers with no incentive to
adopt water saving technology.
Burney and Naylor (2012) noted that it is critical that interactions between
technology design and institutional context, defined as “formal and informal modes of
conduct (rules and laws, norms, and conventions)” that govern social interactions are
important to determining the success and failure of WSI projects. However, these
interactions and other human dimension aspects of WSI have not been well-studied
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within the literature. However, the unintended consequences, risks, and project failures
that arise from a failure to pay attention to institutional context and other human
dimensions of technology adoption are well-documented in the broader literature
examining the social impacts of the introduction of irrigation or irrigation technologies
into smallholder communities. Here, research has demonstrated that these technologies
do not solely provide water (Birkenholtz 2009). Instead, they are taken up by not only
farmers but also actors such as government entities and agricultural companies,
engendering new social relations of production, often in the form of contract labor or
other new production arrangements. Further, they often create new institutions and may
transform production practices (Birkenholtz 2009). In Pakistan, Mustafa and Qazi (2007)
documented how the introduction of tubewells caused the decline of the traditionally used
karez system and the complex social relations it supported. Nation (2010) found that
switching from flood recession irrigation and rainfed agriculture to pump irrigation in
Senegal led to men asserting claims to land that has been previously managed by women,
removing the relative autonomy women had with respect to their own plots. The change
also increased labor intensity through the need for field leveling, fertilizer application,
and system maintenance. Scholars have also demonstrated that irrigation projects can
embed smallholders in market-driven agriculture and create new vulnerabilities. For
example, Eakin (2003, 2005) showed that the introduction of irrigation in several
communities in Mexico linked smallholders to regional and national vegetable markets
that increased their competition, exposed them to volatile markets for which they lacked
historical, present, or future data, and connected them to climates in their competitors’
regions.
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The few studies within the WSI literature examining the role of institutional context
in determining adoption and project success suggest that when projects are able to build
on existing social structures and institutions they have high success rates (Woltering et al.
2011; Burney and Naylor 2012). Institutions such as farmers’ groups enable the sharing
of risk, reduce per capita equipment costs, and facilitate knowledge sharing, often leading
to project success (Burney and Naylor 2012). Further, research has shown that the
increased labor burdens of WSI may be borne by women. For example, Namara et al.
(2007) showed that the introduction of DI in India increased women’s workloads, but that
it also increased their access to income and household nutrition.
In addition to considering institutional context and potential unintended
consequences or vulnerabilities created by WSI implementation, special attention should
be given to the process of adopting WSI in China. Here, a number of constraints to WSI
adoption have been identified, including underpriced water, lack of information, limited
access to extension services, high cost, lack of an incentive structure that encourages
saving water, the large number of smallholder farmers, and various off-farm
responsibilities (Blanke et al. 2007; Zhou et al. 2008; Wang et al. 2009; Cheng and Hu
2012). Many researchers have worked on identifying technical solutions to improve WSI
adoption (e.g. Wang et al. 2000; Liu and Huang 2009; Wu et al. 2010), with most
assuming easier-to-use or problem-free technology will automatically attract users.
Others have simply attributed the failure of WSI technology dissemination to the lack of
awareness among farmers about the need for water conservation, positing that with
proper education farmers will choose to adopt (e.g., Wang et al. 2000). These researchers
ignore previous research suggesting that the process of technology adoption is affected by
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a combination of factors, including characteristics of both the potential adopter and
technology, and the social, political, and economic systems within which potential
adopters operate (Rogers 2003). Potential adopters tend to consider a wide range of
questions before making any decision, including whether the technology has a clear
benefit; whether it is compatible with the adopter’s current management objectives and
practices; how complex the technology is; whether the adopter can try it out; how readily
observable results are to the adopter; what the risks of adoption are; and what incentives
and pressures exist that motivate adoption (Rogers 2003; Fishbein and Ajzen 2010;
Wauters et al. 2010). Moreover, exogenous factors such as market availability and
reliability (Kulecho and Weatherhead 2006), the role and behavior of supply agents such
as extension services, and factors related to rural infrastructure and political and
institutional change are also important determinants of adoption (Morris et al. 2000).
In this paper we add to the work examining the role institutions play in WSI adoption
and outcomes by examining how WSI interacts with the social relations, norms, and
values that underlie village level water management and current agricultural and
livelihood practices in northwest China. Additionally, we draw on interviews with
smallholders to critique the current discourse on WSI adoption in China. We argue that
WSI technology will diffuse with fewer unintended consequences if smallholders are
drawn into the conversation and a better understanding of why they adopt and what they
want from it is developed.

Methods and Study Site Description
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Study site
Our research was conducted in 13 villages across eight townships in three provinces
in the Loess Plateau Region of northwest China (Figure 4-1; Table 4-1). Much of the
region is dependent on agriculture for livelihood production and daily food needs. For
example, in Gaotai, Zhangye, nearly 81% of the population is involved in the agricultural
sector (Peng et al. 2007). In Mizhi, 80% of the total area of the county is cropland (Shi
and Wang 2011). Smallholders in the region primarily grow corn, though wheat is
planted where temperatures permit double cropping. Increasingly, fruits and vegetables
are grown for market purposes, including kiwi and tomatoes in Yangling, Goji in
Hongsipu, and watermelon in Mizhi.

Table 4-1 Study sites, annual rainfall, and irrigation method used at the village level
# of villages
# of
Township
interviewed interviews

Average
annual
rainfall
(mm)

Irrigation
method used at
the village level

Province

County

Ningxia
(Autonomous
Region)

Hongsipu
(countylevel
district)

Hongsipu;
Nanchuan

2

16

~260

Flood

Shaanxi

Mizhi

Shilipu;
Yinzhou

4

29

~450

Flood

Shaanxi

Yangling
(countylevel
district)

Dazhai;
Yangcun

3

21

~635

Flood

Gansu

Gaotai

Luotuocheng

2

11

~103

Flood (drip was
adopted in one
village but
abandoned later)

Gansu

Ganzhou
(countylevel
district)

Dangzhai

2

16

~115

Drip in one
village, flood in
the other
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Fig. 4-1 Map of study area
Research Methods
The data used in this study come from 37 semi-structured and 56 unstructured faceto-face interviews conducted with smallholder farmers in the summer of 2011. Purposive
sampling was used to identify the initial set of villages where interviews were conducted.
Through conversations with the local agricultural bureau in each county, an initial two to
three villages where agriculture was an important component of household livelihood
strategies were chosen. To include a range of socioeconomic and geographic conditions
in our sample, villages were also chosen so that a variety of crop types and village
distances to the local population center were represented. Once initial villages were
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chosen, snowball sampling was used to identify the remaining interviewed villages.
Within villages, snowball sampling was also used to identify respondents. In snowball
sampling, respondents introduce researchers to other potential informants who are then
interviewed, thus building the interviewed sample in an accumulative fashion (Noy
2008). In each village, the village leader was asked to identify several smallholders who
should be interviewed, and these respondents in turn provided more contacts. While
snowball sampling is effective for identifying respondents in the target community and
building rapport and trust between the researcher and informants, it has several
limitations. Snowball sampling is sometimes considered a biased sampling technique
because it is non-random and individuals are selected because of their involvement in a
certain social network. This may lead to a homogenous sample in which all respondents
belong to the same socioeconomic categories, rendering the sample non-representational
(Browne 2005). To achieve some representation amongst different social groups, we
asked the village leaders to recommend particular households types and individuals (e.g.,
women led; Hui ethnicity in Hongsipu) to interview. However, strictly speaking, we did
not seek proportional representation.
Qualitative research provides a mechanism for eliciting information not likely to
surface in a blanket survey approach like those thus far employed in many WSI studies in
China (e.g., Blanke et al. 2007; Zhou et al. 2008). Survey approaches may preclude the
gathering of pertinent information about a little studied topic as researchers must
predetermine the questions to be asked and the associated response options, while having
little knowledge about the variables they should be investigating (Didier and Brunson
2004). A qualitative approach provides leeway for the researcher to modify their
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questions as the research progresses, taking into account new information and focusing
more deeply on information seen to be essential, while discarding questions that are
immaterial (Babbie 2013). It also provides study participants with the opportunity to
explain in detail their responses, which facilitates a more fine-grained understanding of
the research topic at hand. This study also employed grounded theory (Glaser and
Strauss 1967), which is an inductive research approach that allows researchers to conduct
interviews, make observations, and analyze qualitative data in a way that identifies
patterns (Didier and Brunson 2004) and ensures that the “unexpected” is taken into
account (Babbie 2013). Interview questions were designed to draw out farmers’
knowledge and perceptions of WSI, the challenges and risks they face, changes made to
their farming practices over the last 30 years, their social and professional networks and
socio-economic status, and information about general village and farming life.
Interviews were coded and analyzed to identify major themes related to WSI use and
adoption following the three-step process outlined in Neuman (2011). The following
major themes were identified and will be discussed in detail in the next section: 1)
conflict and cooperation; 2) livelihood prioritization and labor allocation; 3) knowledge
and misconceptions; 4) market access and associated risks; and 5) economies of scale.
Although the findings may not be fully extrapolated to villages outside of the study
region because a random sampling approach was not used, the consistency of responses
across villages suggests that many of the factors limiting successful WSI adoption and
use are not contingent on locality.
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Results and Discussion
Socioeconomic profile of smallholders
and study site description
Descriptive statistics and information about demographic, socioeconomic, and
the farm characteristics of interviewed smallholders are presented in Table 4-2.
Smallholders in the interviewed villages relied on surface or groundwater for irrigation
and primarily used flood irrigation (FI) for crop production. Household incomes are
derived from agriculture, local wage labor, and remittances from family members. Most
households grew crops for market purposes, particularly on their irrigated land, though
many grew vegetables for household consumption in small gardens outside of their
homes.
Two of the study villages in Gansu had experience with drip irrigation. None of
the eleven remaining villages had experience using any type of WSI. However, local and
provincial officials have expressed interest in promoting its use and many of the farmers
we spoke to were familiar with both DI and SI. In village A7 in Gansu, DI was installed
in 2002 by a private agricultural company. It was used for eight years before being
abandoned in 2010. In village B, DI was installed by the local government in 2010. Prior
to installation in both villages, smallholders used water from the Hei River to flood
irrigate their crops. Accompanying the switch to DI in both villages was a shift from
using the Hei River as their irrigation water source to using groundwater drawn from
wells dug within villages. In both villages, the initial cost of installation was covered by
either an agricultural company or the local government, and farmers operated under
contracts in which they were expected to hand their harvests over to a company at a price
7

Village names are omitted to protect their identity

Table 4-2 Socioeconomic and farm characteristics of interviewed householdsa
County

Mean
age

Percent
female

Mean
education
(years)

Annual
household
income
(Yuan)

Percent of
income
from
agriculture

Marketoriented
strategy

Diversified
subsistenc
e/market
strategy

Percent
engaged
in offfarm labor

Most
common offfarm jobs

Total
land
(ha)

Hongsip
u

45

47%

8

40,189

38%

45%

55%

81%

Construction;
commercial
farm

12

5

5

5

5

12

4

Corn;
vegetables

15

3

Corn;
vegetables

Mizhi

50

41%

7

26,525

53%

36%

40%

59%

Construction;
truck driver;
coal mines

Yangling

55

57%

7

12,485

40%

15%

85%

57%

Construction;
factory worker

Construction;
commercial
farm
Construction;
Ganzhou 52
44%
5
28,645
63%
32%
68%
63%
commercial
farm
a Data were derived from a subset of the total sample as not all interviewed households provided this information.
Gaotai

54

57%

5

31,938

61%

47%

63%

63%

Total
plots

3

Primary
crops

Corn; goji
Corn;
watermelon;
vegetables
Corn;
tomatoes;
kiwi;
wheat
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set at the beginning of the growing season. In village B, each household was paid 2400
Yuan for each mu of land they had planted in corn. Finally, while the initial cost of the DI
system was subsidized in both villages, it was expected that after four years of use the
farmers would assume any new costs associated with DI, including purchasing needed
replacement parts and paying for maintenance. The parts that would need to be replaced
most often in both villages, the drip lines, were made of durable material and were of the
type that required replacing every two to three years.
Conflict and cooperation
In both villages where DI had been introduced, conflicts among system users were
the most often reported barrier to successful WSI usage. These conflicts generally arose
from two sources. The first was that DI was not suitable for existing field layouts in the
villages and the ways that individual households manage their land. This is a function of
the way that the Chinese Household Contract Responsibility System has allocated land in
each village, with most farmers having several small, non-contiguous plots scattered in
and around the village where they reside. In both villages, each household had an average
of 12 to 15 mu of land divided across three to four plots. Prior to the introduction of DI,
individual households were able to apply water to their crops independently of other
households. Water was delivered via a canal system to the village according to a schedule
established by the local water resources bureau, usually about five times per growing
season. Water from the main canal was directed to a particular plot by manipulating a
series of gates that caused the water to flow through the subcanals that ran through the
village’s agricultural fields, eventually directing it to a household’s plots. To irrigate, a
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household would need to send as many people to the field as there were gates that needed
to be opened to direct the water to their own plot, usually between two and three. In
contrast, to establish DI, each small, individually managed plot was connected to a
communal well using a drip line. Each drip line had to cross over the fields of multiple
farmers and be shared, meaning that households had to make a collective decision about
when to irrigate and cooperation was necessary each time someone wanted to do so. In
village A, each drip line was shared by six families, while in village B, each line was
shared by five families. In both villages, this led to conflicts among households about
who should have decision-making priority and no mechanism had been set up to either
determine when to irrigate or to mediate user conflicts. In village B, the problem was
exacerbated because each of the five families’ plots was often planted with different
crops and thus required different irrigation schedules.8
In both villages, smallholders were required to contribute money at the beginning of
each season towards the cost of communally used fertilizer. This fertilizer was added to
the irrigation water by the village well-manager, who was responsible for turning on the
DI system when farmers wanted to irrigate. Having to share fertilizer added to the
conflict. The well-manager in village B explained to us part of the reason why the
conflicts began in his village:
“The drip irrigation itself had no [technical] problems. The emitters on the
drip lines had no problems with uniformity in outflow. Starting in 2009,
the disputes over fees, especially for fertilizer, started to grow. Every
household had to send a bag of fertilizer [to the well manager] for use
during irrigation. But when we irrigated [some peopled claimed that] not
every family’s field got the same amount of flow from the system. [They

8

An employee of the company that paid for and installed the drip irrigation system explained that the
company recommended each farmer plant the same crop but that villagers refused.
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said] fields close to the well get a lot [of fertilizer], and fields far from the
well get less.”
He went on to explain that this led to fighting about some households having to pay for
fertilizer being used by other households, while receiving no benefit from it. It is
important to note that these conflicts led many smallholders in village A to state that they
would not use WSI during the next cropping season. In village B, these conflicts were
responsible for the abandonment of the system.
The second source of conflict was villagers manipulating the irrigation infrastructure
to benefit their own crops. Specifically, some farmers were reported to have cut holes in
the drip lines in order to get more water to their crops, while others disconnected the drip
lines and irrigated their fields in the middle of the night in a similar fashion to FI. In both
villages, inadequate measures were taken to either prevent the problems or to deal with
the subsequent fallout. A monetary fine was in place to prevent this type of behavior, but
interviewees from both villages reported that the fine amount was too low to be a
deterrent and fines were rarely levied in the first place. When asked why farmers cut
holes in the drip lines, interviewees proffered that it was because they did not think their
crops were getting enough water. While there may have been technological problems
that resulted in uneven water delivery across drip lines, farmers’ perceptions of
insufficient water for their crops were related to their knowledge of crop-water
interactions, which had been largely influenced by their past experience with FI, as will
be discussed below.
As Birkenholtz (2009) has suggested, irrigation technologies become enmeshed in
previous social relations and agricultural management practices, often simultaneously
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contradicting them and demanding them to change. In China, land tenure reform in the
late 1970s shifted agricultural landholdings from a collectivized system to one where
individual households hold 30-year guaranteed contracts to their plots of land, which are
owned by the village administration. When decollectivization occurred, individual plots
were distributed in an egalitarian way in most villages under investigation, meaning that
households received several non-contiguous plots of land of differing qualities. This has
led to households managing their land independently of their neighbors, including
irrigating and applying inputs at different times. Thus, the implementation of DI
contradicts the existing social relations in these villages by asking farmers to work
collectively to manage the act of applying water and fertilizer to their crops. Our research
shows this is problematic for several reasons. First, as in village B, households may
prefer to grow different crops from each other, meaning that their irrigation timing is
different. Second, our research suggests that labor migration and reliance on off-farm
work leads to difficulties in coordination amongst households. Temporary and semipermanent migration has become a major component of smallholder livelihood strategies
in developing nations (Brookfield 2008), especially in China where the government has
relaxed mobility restrictions and it has been increasingly difficult for smallholders to
obtain enough income from farming alone (Murphy 2002). In China, nearly one third of
the peasantry engages in labor migration (Ye et al. 2013), with important implications for
how agricultural management decisions are made and how household labor is allocated.
In our sample, more than 50% of the interviewed households across the four counties
derived income from some form of off-farm labor (Table 4-2). As shown in above, many
households prioritize wage work over agricultural labor, meaning that usually one or two
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household members are responsible for day-to-day agricultural activities in addition to
any other work needed to be done around the home. In part, it is this constraint on
available labor that leads to difficulties in coordination across households.
Finally, most interviewees indicated a strong preference for individual agricultural
management systems where labor does not need to be coordinated with other households
and technologies do not need to be shared. A common refrain that highlights the strength
of this preference in the interviews with Gansu smallholders was the opinion of many
participants that they would be successful if they had total control over the DI system and
did not have to share it with others. The well manager in village B reported that “if only
one [family] was doing the farming [in the plots associated with a single drip line] there
would have been no problems.” A farmer in village A who was planning to abandon the
DI system echoed this sentiment: “If I had my own well, my own pump, my own water,
and I could manage the water myself, I would choose to use drip irrigation and use it all
the time.” As Birkenholtz (2009) has shown with tubewell partnerships in India, the
introduction of new forms of irrigation “enroll” farmers into partnerships which
reconfigure social relations. Our findings corroborate this. In the Loess Plateau Region of
China, the implementation of DI requires partnerships among smallholders, and most
smallholders we interviewed viewed such partnerships as burdensome for intertwined
social and agroecological reasons.
Within China, Muldavin (1996) has argued that the breakup of collective farming has
made it difficult for village leaders to build up communal capital – the coming together of
social capital, labor availability, and other social factors needed to produce physical
capital – and collective institutions are needed to undertake cooperative projects such as
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WSI. Our findings underscore this argument and point to a lack of communal capital and
preexisting social institutions that facilitate social cooperation as one reason for the
failures of the two DI systems. As one woman in village A posited, “In my village people
cannot unite and cooperate with each other.” Her statement reflects a common sentiment
held across all of the study villages. When we asked potential adopters what problems
they anticipated facing with DI, several responded that conflict with neighbors would be
frequent. As one woman familiar with DI in Mizhi told us, “If our family bought a drip
irrigation system it would have to cross other families’ plots and this will probably cause
conflicts. Sometimes families can work together, but normally there is too much conflict
and not enough benefit.”
It should be noted that conflicts and eventual system abandonment are not always the
outcome of technology adoption where cooperation is necessary. Water scarcity and
subsequent mitigative technology adoption can lead to the development of new social
institutions in which cooperation becomes the norm (Birkenholtz 2009). Outside of
China, smallholders are frequently required to cooperate when WSI projects are
implemented in their communities, and numerous examples of their ability to do so exist
(e.g., Woltering et al. 2011). These examples open up the question of why this
cooperation is not present in our study villages. Given the history of collective agriculture
in China, the prevalence of the actual or perceived inability to cooperate on the part of
smallholders is somewhat surprising. Smallholders’ interpretation of the reason for the
inability to cooperate was best summed up by a Mizhi smallholder who quoted the early
20th century Chinese leader Sun Yat-sen: “farmers here are yi pan san sha” (a plate of
loose sand). The metaphor connotes a state of disunity amongst villagers caused by a
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shift in values away from an emphasis on community and modesty towards a focus on
individual material accumulation and monetary gain (Gamble 2003). Our research
suggests that a lack of social institutions in the villages that facilitate agricultural
cooperation may also be responsible for the actual and perceived conflict amongst
farmers.
Livelihood prioritization and
labor allocation
WSI may create opportunities for the production of new crop types and for entering
into contract farming, the latter of which many interviewees preferred over the regularly
practiced market-oriented agriculture. However, WSI also shifts labor demands and can
act as a constraint on households, leading to social differentiation and uneven gendered
relations of agricultural production. When asked about what features they most desire in
an irrigation system, interviewees answered it should save time and be easy to use. In
villages where FI was used, interviewees reported that its biggest problems are that it is
time consuming and labor intensive, with wasting water a secondary concern. This is
particularly important given the reliance on labor migration and local wage labor in the
study region.
In general, interviewees explained to us that many of the farm management decisions
they made were based on freeing up time to perform wage work. Further, it was
frequently explained that off-farm work is preferred to agriculture for making a living.
For example, one farmer in Mizhi explained that he planted corn “because it takes so
little time you can go out and earn money, usually 60-70 Yuan per day.” Another made

114
clear that he chose to work off farm because it was more lucrative and they planted corn
because it required less labor:
“I work in Mizhi in construction, so we do not always have time to do
farming. You can earn a lot more money. [We plant corn because] my
wife does not have enough energy to plant vegetables and take care of
them [because of her other household responsibilities].”
As smallholders are dedicating less and less time to working on their farm, it is
instructive to examine how the switch from FI to DI shifted labor burdens in the two
Gansu villages. In both, smallholders reported that with FI they would irrigate about five
times per growing season, with the process taking approximately 40 minutes per mu of
land. One or two household members, usually women, would go to their fields and open
the canal gates to direct the water to their various plots, remaining in the fields until the
process was over, a period of 5.5 to 7 hours. With DI, however, smallholders reported
they would irrigate ten times per growing season, with the process taking three to four
hours each time. Additionally, using DI requires not only the labor time to complete the
process, but also coordination amongst households to achieve enough pressure to use the
system, as well as coordination with the well manager who is in charge of turning on and
off the pump. While DI does not necessarily require smallholders to remain in the fields
as their crops are being irrigated, most reported they did so, mostly to prevent other users
from manipulating the system to their advantage. It is important to note that DI indeed
saves time and physical labor compared to FI, a benefit some smallholders appreciated,
but it also shifts the way that time needs to be allocated to agriculture by a household or
individual. Even though less time needs to be spent in the fields irrigating with DI
overall, an individual needs to go to their fields more often when using DI, which many
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interviewees did not like as it interfered with off-farm labor. Finally, as previously noted
in the literature, it was often women who performed irrigation labor, meaning DI
conflicts with and adds to their other domestic responsibilities.
In brief, our research shows that the adoption and implementation of WSI systems
intersect both directly and indirectly with the various activities undertaken within a
household to maintain livelihoods, including unpaid domestic labor, wage work, and
labor migration. This challenge is not unique to northwest China. Similar observations
have been made in other developing countries (Eakin 2005; Nation 2010). As such, it is
imperative to develop a better understanding of how smallholders construct their
livelihoods, how they allocate time and labor as resources, how they prioritize the
different income-generating components, and how each component will interact with the
temporal/labor demands of initial installation and continuous use and maintenance of
different WSI systems.
Knowledge and misconceptions
Interviewees from all villages were asked what they knew about two different WSI
systems (DI and SI) and why they thought each system would be suitable or unsuitable
for their land and operation. Overall, many interviewees had an incomplete understanding
of or misconceptions about WSI, including those in the two Gansu villages with
experience using DI. In particular, they did not fully understand how each system works,
what crops each is best for, and how each system interacts with the water requirements of
particular crops. In the case of DI, one major source of misperceptions was that
smallholders could not see their crops being irrigated the way they could with FI. This
resulted in many interviewees claiming that FI is superior to DI because it keeps soil wet
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for extended periods of time, whereas with DI the soil is not kept visibly wet. This
observation was primarily espoused in the two villages where DI had been used, though
interviewees in other villages repeated the claim. As noted above, the second major
reason for much of the conflict in the two Gansu villages was smallholders’ belief that
crops were not getting enough water with DI. Research done in Zimbabwe (Belder et al.
2007) noted similar smallholder concerns, with many reporting that their crops were not
receiving enough water with DI, prompting them to add extra water by hand. The authors
argue that this points towards farmer misunderstanding of the water requirements of
crops and that education should be directed towards correcting understandings of crop
water needs. Our results confirm this but also add nuance by showing that farmer
understanding of the water needs of their crops arise from experience with their former
method of irrigation. We suggest that education programs will need to focus on more
than just the water needs of crops if they are to successfully convince farmers that their
crops are adequately irrigated with DI.
Relatedly, some interviewees thought that with DI water evaporation rates are high
while water uptake rates by plants are low. Thus, many believed that crops would not
grow as well with DI as they would with FI. Another major concern was that WSI,
especially DI, cannot be used with polluted water as it would be more likely to kill the
plants than would using polluted water to flood their fields. Although the rationale for
this concern was not immediately apparent from the interviews or subsequent data
analysis, it is likely related to the fact that two of the four villages in Mizhi where
interviews were conducted were downstream from a PVC plant. In addition, interviewees
tended to think DI is only good for watering trees and that sprinklers are only good for

117
flower and grass production. These ideas are likely the result of many interviewees
having heard about DI being used on large jujube (jujube zizyphus) farms near their
villages, particularly in Mizhi, and of their familiarity with sprinklers primarily coming
from seeing them used to water flowers and grass in local parks. Overall, there was little
awareness of the utility of WSI for vegetable production, which many interviewees were
either engaged in or were interested in pursuing. In addition, interviewees were largely
unaware that DI not only has the potential to save water, but also may increase crop
production because it is more efficient than FI at delivering water and fertilizers directly
to the root zone of crops (Postel et al. 2001). Finally, interviewees tended to think that
WSI will get in the way of other farming practices, technologies, and equipment they use
(e.g., combine harvester), and cited this as a reason they would not implement WSI on
their land.
These findings seem to point to the potential for better smallholder education to
facilitate the successful adoption of WSI, as argued by many researchers (e.g., Wang et
al. 2000; Deng et al. 2006; Zhou et al. 2008). However, many interviewees reported that
existing education and extension programs were inadequate. Frequently, when
interviewees were asked where or from whom they learned about new technology and
agricultural innovations, they responded that either they had nowhere to learn or
extension specialists would come to their village and extol the virtues of some new
technology or crop variety, but never explain how it works or how they could
troubleshoot problems once the technology was implemented. This was well summarized
by a farmer in Gansu:
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“When the government told us about tractors they just gave it to us with a
short explanation of how useful it is. It was free, but they did not teach us
how to drive or how to use it. It is the same with the drip irrigation. The
government made a huge investment, but the farmers do not know how to
make use of it. They told us you can mix fertilizer with the water, but not
what kind to use or what kinds cannot be used or what the ratio of water to
fertilizer should be. They also did not tell us when to irrigate or for how
long to irrigate. When the experts come they need to tell us how to use the
irrigation, not just about why it is better… They need to connect the
lectures to reality and real life problems with the system.”
Trust between farmers and extension agents was also cited as a major issue. Many
smallholders told us that they do not trust the advice given by the technical experts who
come to their village, stating that if they want to learn new management techniques or the
best ways to plant a new crop that it is better to learn from another farmer who has
experience with it. A common sentiment that highlights this was expressed by a village
leader in Mizhi who told us, “[extension agents] come to our village twice [each year],
once to eat and once to collect money.” Therefore, before education can contribute to
promoting WSI in northwest China, effort is needed to better understand how smallholder
education and extension programs are conducted, the culture of interaction between
agricultural specialists and smallholders in the region, and what communication strategies
and program attributes appeal to smallholders with respect to agricultural innovation
adoption in general and WSI in particular. Until then, it will probably be unwise to invest
in status-quo education and extension programs as a strategy for promoting WSI among
smallholders in the region and beyond.
Relatedly, interviewees from the two Gansu villages experienced with DI reported
that the system itself had minimal problems when in use. For the most part interviewees
found that it operated efficiently and met their expectations. When technological
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problems occurred, they were rather predictable – mostly clogged emitters. However,
interviewees from both villages reported that it was difficult to find replacements for
broken parts. Furthermore, none of the interviewees had been trained to repair the system
and the people they worked with to install the system (i.e., government paid day laborers
or technicians from private agricultural companies) were unavailable to come and help
when problems arose. This suggests a need for identifying appropriate venues to provide
technical training to smallholders and easier access for smallholders to troubleshoot
problems so that they can repair WSI systems on their own. Efforts to promote WSI need
to include not only incentives for initial installation, but also assistance to address any
subsequent technological issues related to system operation.
Market access and associated risks
When asked about the greatest challenges faced in agricultural production, a frequent
interviewee response was that inputs cost more than what could be made from selling
crops. Thus, it is understandable that many interviewees were reluctant to increase input
costs by investing in new agricultural practices or technologies as it would only increase
their losses. In particular, interviewees showed resistance to increasing crop production
or venturing into new crop varieties as they feared a swing to low prices for the crops
they were growing, they were not confident that they would have reliable access to
markets to sell new or additional crops, and they did not know where and how to find
markets that can absorb their product. Lack of advertising venues and networking
opportunities were also mentioned in relation to this problem. Interviewees were
concerned that if they greatly increase production without ways to communicate this
information to potential buyers, the upfront costs of purchasing new technologies or
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adopting new practices would be at risk of never being recovered. As one woman in
Mizhi explained, “There is risk in our selling network. I don’t have any problems with
management, but I need a network to sell. If the market for what I want to sell has not
been formed I am very worried about it.” In fact, several interviewees mentioned that
they had considered larger-scale improvements to their farms, such as greenhouses, but
that they decided not to invest, despite possessing the requisite technical and managerial
expertise, as they lacked market access and were not confident they could recoup their
investment. Given that a major incentive of WSI adoption is that it could increase crop
production, one can infer from these findings that concerns regarding market access and
unpredictable price fluctuations may prevent smallholders from investing in WSI. In
addition, the findings of this study demonstrate that widespread WSI adoption will likely
not occur organically; instead, some form of government intervention will be needed to
promote WSI. These findings are in line with the work of others, who have found that
adoption of community-based technologies will likely be outside the financial reach of
farmers and that adoption is responsive to government-led initiatives, including subsidies
(Blanke et al. 2007). Even with subsidies to cover the initial investment costs, it will not
be sufficient to just hand over ready-to-use WSI technology or already built WSI
infrastructure to smallholders. Rather, the technology and infrastructure will need to be
coupled with market solutions if they are to be desirable, and, ultimately, continuously
valued and used. A statement from a smallholder in Zhangye illustrates this point: “If you
want to establish [WSI] on a large scale you need to set up a network that includes
planting, sales, and management. You have to make finished products like vinegar [from
the fruits or vegetables being grown].”

121
Market access is not just a challenge for WSI adoption in rural China. Investigating
a rainwater harvesting project in Gansu province, Cook and Wei (2002) have found that
focusing on solving the often overlooked problems faced by villagers in everyday life can
help facilitate the successful dissemination of agricultural technologies throughout rural
China. Other village-level case studies have highlighted the need for agricultural policies
to holistically address farmer needs and concerns with pragmatic interventions that
couple technological fixes with improved access to markets and loans (Liu et al. 2008).
Introducing technological innovations into a village without the market infrastructure in
place to support the new forms of agricultural production will likely lead to failure (Lee
2005). Attention needs to be given to the new vulnerabilities and risks that shifts in
irrigation and the accompanied new types of crop production and market integration may
cause for smallholders (Eakin 2003). The findings from this study highlight this point and
further suggest that interventions to promote WSI need to be multifaceted, taking into
account not only the initial cost of technology and infrastructure investment but also the
extension and creation of reliable market access to address the subsequent changes in
agricultural production.
Economies of scale
With respect to barriers to WSI adoption, another recurring theme that arose from
interviews across villages currently using FI was small plot size and associated concerns
about economies of scale. Many interviewees mentioned that they did not have enough
land to adopt DI or sprinklers. They were concerned that WSI technologies are too
expensive for them to adopt as individuals, and as each of them only had a small amount
of land, they felt they could not produce enough crops to make up for the initial cost of
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investment. A second concern was that WSI technologies would not fit on small plots of
land. Although these are valid concerns, research has shown that it is possible for DI to
be an economically viable option for small farms in Nepal (Shah and Keller 2002;
Westarp et al. 2004). Thus, there is a need for better communication between irrigation
engineers, extension specialists, and smallholder farmers about the cost of installing each
type of WSI technology on a per mu (1 mu = 0.165 acres) basis, the average yield per mu
for different crop varieties commonly grown with WSI, and the minimum land
requirement for WSI to be profitable with each crop type. Extension specialists may need
to provide further assistance to help farmers calculate what their initial investment would
be; how long it would take to recoup their initial investment; how much yield, and thus
profit, they could expect; and if additional financial resources (e.g., bank loans) need to
be obtained for the investment. Such information and assistance would enable
smallholders to evaluate the actual investment risk and make informed decisions about
whether or not to adopt WSI technologies and may reduce the likelihood of abandonment
once the technology is adopted. Further, most interviewees believed that it was the
responsibility of the government to provide, at a minimum, subsidies to assist them with
installation. Many declared that the government should develop irrigation infrastructure
and set up WSI for free. Only one interviewee mentioned that he would consider WSI if
he could get help to secure loans for adoption. These preferences do not bode well for the
autonomous dissemination of WSI, and point to the need for WSI to be implemented at a
scale larger than an individual village so that more resources may be pulled together and
made available to address smallholder needs and concerns.
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Conclusion
Institutional context, extant agricultural production practices, and the ways that
smallholders structure and prioritize different components of their livelihoods all play
key roles in determining if water saving irrigation systems will be adopted and
successfully used in the developing world. Recent analysis of WSI adoption by
smallholders and the outcomes of introducing WSI into smallholder communities has
called attention to the importance of local formal and informal institutions that determine
patterns of behavior amongst individuals and groups in determining outcomes (Burney
and Naylor 2012). However, little explicit attention has been directed at understanding
how the set of social norms, values, and other institutions that regularize human behavior
impact WSI adoption and patterns of use. In this study we investigated how the
introduction of DI in two villages in Gansu, China intersected with local social relations,
agricultural production practices, livelihood strategies, and the institutional context that
underlies them. We also examined smallholder perceptions of WSI technologies and the
factors that influence their decisions to adopt them in the broader Loess Plateau Region.
Drawing on interviews, we demonstrated that the introduction of DI contradicted many of
the institutions that govern agricultural and water management, as well as livelihood
decision-making, leading to either system abandonment or a stated intent to stop using
DI.
Although saving water, increasing yields, monetary benefits, and avoiding
technological problems are all important factors in smallholder decisions to adopt WSI
and their continued use of it, our results suggest a range of factors beyond these influence
adoption and successful use. For example, a disconnect between the temporal demands of

124
practicing DI and the ways that farmers prioritize giving time to labor migration and offfarm wage work led to difficulties in coordination among households, women being
burdened with more work, and a general dislike of DI as it required too much time in the
field. This result is particularly important given that temporary and semi-permanent
migration and off-farm wage work has become a major component of smallholder
livelihood strategies in developing nations (Brookfield 2008). Given this reality, our
research demonstrates that in addition to understanding how WSI impacts labor time in
aggregate, it is also necessary to investigate how it changes the way that farm labor is
distributed across time. Such understanding is crucial for developing interventions to
promote WSI technology diffusion that minimize or avoid WSI-related unequal or
unmanageable labor burdens and do not restrict smallholders’ ability to diversify their
income sources to mitigate the risks of agricultural production.
Our results also suggest that current land management practices and the set of social
norms and values that underlie them, particularly those that govern communal behavior,
are important determinants of WSI project outcomes and smallholder willingness to
adopt. Amongst both WSI users and potential adopters, conflicts with other households
with whom they need to cooperate to irrigate were a major barrier to successful WSI
dissemination and usage. Failure to take into account local social and behavioral
institutions that either facilitate or impede cooperation across households may lead to
unsuccessful WSI outcomes or failure to adopt, despite any water saving or pecuniary
benefits its use would entail.
Finally, our analysis highlights that smallholder knowledge of crop water
interactions, their reluctance to increase production or diversify the crops they grow
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because of unstable and uncertain markets, and inadequate training on how to properly
use and implement new agricultural technologies all play a role in inhibiting adoption and
successful use. From a policy perspective, efforts to disseminate WSI technology to
smallholders must go beyond educating farmers about water scarcity, setting the right
water pricing mechanism, distributing WSI equipment, and building WSI infrastructure.
Instead, WSI interventions should be multifaceted and conserve water; address
smallholder concerns about the initial investment cost of WSI systems, time and labor
requirements for maintenance and usage, and market access to absorb additional and new
crop production resulting from changes in agricultural practices; and contribute to
building communal capital and develop mechanisms for mediating conflict. Future
research looking at the role of institutional context in WSI adoption and use should not
only examine the factors that lead to successful outcomes. Analysis is needed to
determine how the adoption of WSI technologies may exacerbate existing risks or create
new vulnerabilities for farmers. This understanding would enable the development of
holistic WSI interventions that address the day-to-day problems that smallholders face,
thus reducing the likelihood of creating unintended consequences and disadoption.
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CHAPTER 5
SUMMARY AND CONCLUSIONS

Understanding the processes through which smallholders perceive climate change;
the factors that inhibit or facilitate their perceived ability and intent to adapt; and how
formal adaptation policies such as the introduction of water saving irrigation (WSI)
technologies intersect with extant agricultural and water management practices and
livelihood decision-making have important implications for designing effective climate
adaptation policy and interventions. This dissertation has sought to illuminate the ways
that multiple social-ecological factors interact to determine the ways that smallholder
farmers in the Loess Plateau region of China come to know climate change, perceive
their own ability to adapt to it, and determine the outcomes of adaptation interventions.
Chapter 2 examined the role that human capital; information, technology, material
resources, and infrastructure; financial capital, and institutions and entitlements play in
shaping smallholders’ perceptions of their ability to adapt to climate change as well as
their stated intent to do so. Chapter 3 analyzed how changes in local social-ecological
conditions and shifting associations of agricultural and daily practice mediate smallholder
perceptions of how the climate is changing. Chapter 4 investigated the factors that affect
the decisions of smallholders to adopt water saving irrigation (WSI) and use it
successfully, as well as the social impacts of introducing WSI into smallholder
communities.
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The results of this dissertation have highlighted that policies designed to
communicate the risks climate change poses to smallholder livelihoods or assist them
with adaptation should:
1) Take into account the multiple epistemologies through which climate change and
other biophysical processes are known by incorporating multiple ways of knowing into
any communication strategies. Both chapter 3 and chapter 4 demonstrated that
smallholder knowledge of climate change and crop-water interactions are in part
determined through labor practices and are more holistic than scientific understandings of
the same. This has important implications for enabling effective communication about the
water saving capabilities of drip irrigation technology and the projected effects of climate
change on agricultural production.
2) Take into consideration that smallholders may not accept planned adaptations if
they do not perceive a need to adapt, that they have the ability to adapt, and that adapting
will mitigate the risks they face. Further, it is possible that they will view the process of
adapting to climate change as more risky than climate change itself. For example, in both
chapter 2 and chapter 4, market risks played an important role in dampening smallholder
perceptions of their ability to adapt to climate change and their willingness to adopt new
technologies. Thus, prior to developing planned interventions it is important to
investigate how perceptions of climate change and associated risk interact with other
determinants of livelihood decision-making. This may allow for the development of
planned adaptation projects that are able to holistically address the predicted outcomes of
climate change, as well as some of the more immediate risks facing smallholders.
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3) Address the way household labor is allocated towards migration and local wage
work and how this will interact with the timing and overall labor demands of adaptation
interventions. Chapter 2 and chapter 4 both demonstrated that smallholder local wage
labor and labor migration play an important role in household agricultural decisionmaking. In the former, a lack of available labor for farm work led to lower perceived
levels of adaptive capacity. In the latter, household reliance on wage labor and labor
migration for income generation led to difficulties in cooperating across households to
manage the drip irrigation system, leading to system abandonment. Here, future research
should look more closely at 1) What role does labor migration play in determining how
in-situ adaptation projects should be developed and implemented and what their
outcomes will be? And, 2) How does labor migration distribute the benefits and burdens
of in-situ adaptations to particular social groups in ways that may either increase or
decrease localized vulnerability and inequities? Until we understand more fully how
labor migration will interact with planned adaptations amongst smallholders, the potential
for failure, inequitable distribution of benefits and burdens, and increased vulnerability is
high. Future planned adaptation schemes need to keep in mind that smallholder
households maintain subsistence production, commodity production, and off-farm work
as part of their livelihood strategies, all of which interact with the local environment and
climate change, plus multi-scalar economies and structures, to co-produce particular
production and adaptation strategies.
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